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ABSTRACT
Thermodynamic acidity constants for twenty five substituted 
anilinium ions have been measured by an e.m.f ./spec tropho tome trie 
method over a wide range of temperature, and values of the standard 
thermodynamic functions A ̂ 25’ A and AS 25 of proton ionization 
have been calculated for these compounds.
The substituents were chosen so as to exhibit a wide spread of 
substituent effects on the reactivity of the anilinium proton 
ionization equilibrium and involved series of ortho-, meta-, para- 
substituted and 5«5 - disubstituted molecules. This has permitted 
the first systematic study of substituent effects on the thermodynamic 
functions of this reaction.
Evidence is presented that the reaction is governed by internal, 
or bond-breaking, factors with external, or solvation factors, playing 
only a negligible role. For the 5,5 - disubstituted anilinium ions 
substituent effects on A G ^ ,  A H ^  and A S ^  are all precisely additive. 
In the ortho- substituted series only the three ortho-halogeno compounds
appear to show an appreciable proximity effect
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CHAPTER I OBJECT
The primary object of this project has been to examine the effect 
of controlled changes of molecular structure on the thermodynamic 
functions of proton dissociation of a series of anilinium ions* The 
thermodynamic acidity constants of the chosen anilines have been measu­
red in water over a wide range of temperature* This has permitted the 
evaluation not only of the free energies of proton dissociation of the 
compounds but also of the enthalpies and entropies*
The following six substituents have been chosen as representative 
of a broad spectrum of substituent effects on reactivity*- (i) methyl
(ii) metho^r (iii) chloro (iv) bromo (v) iodo (vi) nitro-substituents.
Pour series of anilinium ions involving these substituents have been 
selected for study *-
Series A A series of six anilinium ions each containing one of
the above substituents in the ortho position*
Series B A similar series of metar-substituted anilinium ions*
Series C A similar series of para-substituted anilinium ions.
Series D A similar series of 3»5-disubstituted anilinium ions*
These four series together with the unsubstituted anilinium ion constitute 
a group of twenty-five compounds for which new thermodynamic data have 
been evaluated in the course of this project* These data» used in con-
junction uiith other data on the ionization of phenols produced prior 
to^or simultaneously with?this project "both in this laboratory and 
by other l&orfcers, have enabled many useful generalisations to be made 
about these fundamental acid ionization processes#
3
CHAPTER II CHOICE OF AN EXPERIMEHTAL METHOD 
Part (i) Requirements of the Experimental Method
For a weak acid of charge type zero undergoing proton dissociation 
in water
HA+ + H.O --- * H,0+ + A2 ^ -----------  3
the thermodynamic acidity constant is defined as
K a
V  • aA
+
The Gihhs function or free energy change of the process can he calculated 
directly from this using the expression
A G - -HP In K  .a
Unless measured directly by a calorimetric technique the enthalpy change 
for the process can be obtained only from one of the derived fonas of 
the van t*Hoff equation*
/  \  .  A S
( <f* ' » « » .  8,2
Once the free energy and enthalpy changes are known at any particular 
temperature then the entropy change may be readily found by substitu*- 
tion into the expression
A G  - A H T A S
4
Thus the determination of enthalpy and entropy values of acid 
ionization processes usually requires the measurement of acidity 
constants over a range of temperature# In order that these values 
shall be physically meaningful the acidity constants must be measured 
with a considerable degree of precision and over the widest possible 
temperature range* King^ has discussed in detail the factors affect­
ing the propagation of errors in such measurements and has shown,
for example, that in order to achieve a standard error of measurement
— 1 — 1 — 1of + 10 cal* mole in A H  and + 0*02 cal* deg mole" 1 in A  S ,
pK values need to be measured to + 0*001 pK unit at 5° intervals a — a
over a minimum temperature range of 45°• ^his is the standard of 
precision which has been aimed at in this project and which has been 
almost, but not quite, achieved*
A further factor to be taken into consideration is the very wide 
spread of substituent effects involved in this study* Because of this 
the experimental method or methods chosen had to be capable of measuring 
pK values ranging from — 0*4 (ortho-nitroani line) to 6 (para- 
met hosy ani line) with the same high degree of precision*
5
Part (ii) Experimental Methods of Determining Acidity Constants
The numerous experimental methods available to determine thermo­
dynamic functions of acid ionization processes includes
(a) Potentiometric methods inhere the acid or base is titrated directly 
using, usually, a hydrogen or glass electrode to monitor the system.
1b 3(b) Conductimetric methods in which the conductances of the weak 
acid or base are measured at various stoichiometric concentrations.
(c) Calorimetric methods4*^* 9 where the heat of reaction is measured 
directly.
(d) Spectrophotometric methods^*^*^ where the ratio of protonated 
to deprotonated forms of the acid is measured in a buffer solution of 
known "acidity1*.
11(e) Raman spectroscopy techniques where the number of lines and 
their grouping depend upon the symmetry of the ion or molecule. The 
intensity of a line is proportional to the concentration of the species 
involved*
(f) Nuclear magnetic resonance spectroscopic methods where the field 
experienced by the nucleus differs from the imposed field and this 
difference depends on the chemical environment of the nucleus.
(g) Differential solubility techniques of various types. Usually the 
solubility of the protonated and deprotonated forms is measured at 
various pH values and possibly in conjunction with varying aqueous/ 
organic solvents.
6
(h) Cryoscopic techniques thereby the total molality of all species 
present under appropriate conditions may be determined*
(i) Kinetic methods* The rates of many reactions depend upon the 
concentration of hydrogen or hydroxide ions present and hence a 
reaction of known rate constant may be used to estimate an unknown 
acidity*
Methods (e) to (i) are virtually qualitative only* As a result 
they are of little or no value for precise determination of acidity 
constants and will not be discussed further*
The potentiometric method is a long established technique which
is capable of a precision of + 0*001 in p£ when measurements are— a
made on cells without liquid junction containing hydrogen and silver/ 
silver chloride electrodes* Temperature control need not be too precise 
(+ 0*02°) and measurements over a range of temperature can be readily 
made* The materials used must be of very high purity in order to 
achieve satisfactoiy precision. The problems of volatility of the 
compound and of the solubility of silver chloride in alkaline solutions 
may restrict the use of the silver/silver chloride electrode however*
The method is not capable of giving very precise pK values fora
moderately strong acids because under these conditions the term 
jjn - H+ J  ,where m is the molality of the acid, is a small diffe­
rence between comparatively large quantities and the hydrogen ion con*-
7
centration, therefore needs to be obtained with exceptional precision#
The glass electrode has of late replaced the hydrogen electrode 
under conditions where reduction by hydrogen, of the compound under 
study, could occur# Because of the high impedance of the glass elec­
trode a veiy stable amplification system is necessaiy to attain a 
precision comparable with that of the somewhat inconvenient hydrogen 
electrode#
The attainment of a precision of better than + 0#01 in pK by themm a
potentiometric technique can be a veiy tedious procedure. In fact
pK determinations using this technioue are rarely quoted beyond + C#C1
in pK units and this precision is insufficient for obtaining meaningful a
values of enthalpy and entropy#
A further potential limitation is the limited solubility of some
of the compounds proposed for study, since this method usually requires
3 “ 1a concentration of approximately 1 x 1CT J moles litre- or more#
The conductance method is capable of great precision (+ 0#C1$).
Four aspects that require extreme care when making precise conductometric 
measurements are -
(i) accurate temperature control# Conductance may change as much as
2$ per degree so that for an accuracy of 0#01$ in measurement the tempe-
orature must be controlled to + 0.005 $
8
(ii) exceptional purity of solute and solvent* If water is the
£
solvent it should have a specific conductance of less than 10 mhos,
(iii) avoidance of polarization errors, and /
(iv) precision of electrical measurements*
A knowledge of the equivalent conductance at zero concentration
is required for the determination of pK and is usually obtained by thea
application of the law of independent mobilities of ions* For mono pro tic 
acids sodium salt conductivity data are extrapolated to zero concentration 
and accepted values of the mobilities of the sodium and hydrogen ions 
are used* Methods based on the dilution law alone, however, can give 
misleading results when applied to weak acids* This is because the 
errors, due to the neglect of mobility and activity changes, whilst not 
intrinsically large, are greatly magnified, for the length of the extra­
polation is necessarily much greater than that of the experimental range* 
Ives has devised a new approach to this problem which renders the 
results more precise and also allows the simultaneous determination of
both pK and limiting conductance* a
Errors caused by the almost inevitable exposure of the measured 
solutions to carbon dioxide have prevented conductimetry from being 
widely used for determining the ionization constants of bases* With 
care this problem can be overcome and pK fs within the approximate 
range 1*6 to 14 may then be determined* nevertheless the precision of 
the method tends to decrease significantly as pK rises above 6*5 ,cl
9
for above this value the ionization of very weak acids is too slight
to produce a sufficient concentration of hydrogen ions for their
accurate measurement against the background of the natural conductivity
of ^ater« To obtain significant readings to offset this problem the
concentration of the acid must be increased* An acid of pK approxi-a
mately 9* for example* would need a solution of 10"*1 mole litre*"1 
concentration to give significant readings and this concentration cart- 
not be attained in water for many of the compounds proposed for study 
in this project* Under ideal conditions the minimum concentration of 
the compound for conductimetiy is of the order of 1<T^ mole litre*"1*
The conductance method, because of its great potential precision, 
has been extensively used to determine acidity constants at 25° but, 
because of the large effects of temperature and the amount of tim^- 
consuming work involved in extending measurements to other temperatures, 
it has had on3y very limited use^* 1 *̂ 14,15 gaudies made over a range 
of temperature*
The calorimetric method involves measuring directly the heat of 
neutralization of the weak acid or base* The weak acid, ranging in 
concentration from 1 C to 1CT4 molar, is mixed with a known amount of 
strong base and the resulting temperature variation of the system is 
accurately measured - usually by an electrical method* A blank must
always be run simultaneously to compensate for the effects of dilution 
and for the heat developed in the mixing operations* The purity of the 
materials used must be veiy high, necessitating glove box storage and 
weighing*
— 2Measurement of heat changes of the order of 10 - 1 0 ^  calories
with a precision of 0*5$ or better is required to give an accuracy of 
approximately 50 calories mole in enthalpy* The heat evolved is 
usually found to vary linearly with ionic strength and this facilitates 
the extrapolation procedures necessary to obtain the thermodynamic 
enthalpy value*
If entropy is also to be evaluated then the free energy change 
must be known for that compound at that temperature, usually 25°• The 
free energy change must be measured by some other method, with the 
result that all thermodynamic values obtained, other than enthalpies, 
are not necessarily self— consistent* This lack of self-consistency 
does not in any way detract from the usefulness and precision of the 
calorimetric method in obtaining values of enthalpy itself*
The soectrophotometric method» considered for use in this project,
is in reality an e*m*f*/spectrophotometric method* With the availa-
16 .bility of a range of buffers for which values of an acidity function
are known with great accuracy, and improvements in the precision and 
stability of U*V* spectrophotometers, a precision of + 0*001 in pK& is
11
possible* Temperature control need not be too precise (+ 0*05°) and 
the purity of the acid or base is not particularly critical provided 
any impurities do not absorb at the chosen wavelength of measurement* 
Variations in the ionic strength of the solutions are usually unimpon- 
■taut since, for example, 1# impurity in a 1<T* molal solution will 
have a negligible effect on a solution of ionic strength 0*02 to 0*10 
approximately*
It is not even essential in this method to know the exact molality 
of the compound; rather it is simply necessary to have identical molal 
concentrations of the compound in the solutions in which the buffered, 
acid and base forms of the compound are measured* Preliminary measure­
ments indicated that satisfactory absorbance readings, when using a cell
of 10 mm path length, could be achieved with a solution of concentration
—4approximately 10 molal* Consequently the limited solubility of many 
compounds in water places less restrictions on this method than on many 
of the other methods considered*
A natural requirement of this method is that the compound must 
absorb energy within the range of the spectrophotometer used and that 
the relevant protonated and unprotonated species must show absorption 
maxima at different wavelengths* These requirements normally preclude 
the use of the U*V. spectrophotometric method for the study of aliphatic
or inorganic acids and ‘bases, but the method is ideally suited for 
the study of aromatic compounds*
Another advantage of this method is that it offers a simple 
procedure for determining pK over a range of temperature on a single 
set of solutions* It is thus possible to determine the various thermo­
dynamic parameters from one set of results which are at least internally 
self-consistent* The range of temperature possible is limited only by 
the availability of suitable buffer solutions*
A final decisive advantage of the method is that a suitable preci­
sion of + 0*001 pK units can be maintained for an extremely wide range —* a
17of pK values * Thus the choice of substrate molecule is not limiteda
by experimental considerations when using this method* This is a very 
important factor when studying structural effects on a given series of 
compounds*
The only potential source of major error in this method lies in 
the actual absorbance readings* This is largely a function of the design 
of the spectrophotometer, although care in the choice of a buffer solu­
tion and the detailed experimental procedures employed (see later) can 
play a significant part*
Advantages of the Experimental Method Chosen
An appraisal of the advantages and disadvantages of these various 
methods has led to the e*ra*f*/spectrophotometric method being selected 
for this project. A summary of the facts leading to this decision are*
(i) the method is applicable to aromatic acids and bases, such as 
aniline and its derivatives, because of suitable energy absorbance in 
tke U*V* region*
(ii) the problem of solubility is minimised* For anilines a maximum
-4concentration of approximately 10 molal is required whereas for the 
other methods this molality is usually the minimum required.
(iii) when used in conjunction with the acidity functions derived from 
e*m*f* measurements^ the method is capable of sufficient precision for 
the meaningful determination of ¿iG, H and A S  values*
(iv) precision can be maintained over a wide range of temperature and
17for an extremely wide range of pK values1 ' ( -0*5 to 10*9 )•3
(v) all data for evaluating the various thermodynamic parameters are 
obtained from the one set of experimental measurements* A particular 
set of results then is at least self-consistent*
(vi) the method can be less sensitive to impurities than the other 
methods*
14
(vii) the necessary apparatus was available.
A comparison of results from the spectrophotometric method 
18 19and other methods 9 has showi these advantages to he valid in 
practice«
15
CHAPTER XII BUFFERS, pH AND SHE ACIDITY FUNCTION p(ag ¿ ^ 1  
Part (i) Concept of pH
20On making e*m*f* measurements against a saturated calomel 
electrode the pH is given "by
pH - E - (E° + E J/2.3026 BT/F
«here pH is «ritten for — log a^ and E^ , the liquid junction 
potential is hopefully assumed to remain constant from one measure­
ment to another*
?y comparing many systems against a saturated calomel electrode
it has been found that pH (activity) « pH (Sorenson)2  ̂ +0*04
«here pH (activity) « -logdfg m^ or -log^+ m^ and «here
is a mean activity coefficient* This value, pH , then becomes aa
quasi-t hemodynamic value in the sense that it represents a quantity 
involving a mean ionic activity*
In order to salvage as much fundamental meaning as possible from 
experimentally measured pH values the National Bureau of Standards, 
U*S*A., has assigned pH values to four primary standards over a range 
of temperature* These standard buffers are
(i) 0*05 molal potassium hydrogen phthalate
(ii) 0*025 molal each potassium dihydrogen phosphate and disodium 
hydrogen phosphate
16
(iii) 0*01 molal borax
(iv) a saturated solution, at 25°C, of calcium hydroxide*
The procedure adopted for assigning pH is
(i) determination of pig for several small concentrations of 
added soluble chloride by measuring the e*m*f* of H/AgCl 
cells without liquid junction
20p w h  (later referred to as By Bates )
m “* log ( g ^ )
* (E - E°)/2*3026 BT/F
(ii) evaluation of pWg0 , the limit approached by pWg as the 
added chloride concentration approaches zero* Usually the 
plot of plSg against m ^  is linear if m ^  is less than
0*015 •
(iii) computation of pHg from p ^  by the introduction of a 
conventional activity coefficient for the chloride ion
pHg ■ pWH +
Steps (i) and (ii) are thermodynamically rigorous* The estima­
tion of the individual ionic activity coefficient is the arbitrary 
step and no accepted convention for estimating it exists* Consequently 
the choice of % must be based on considerations of »reasonableness”*
For example it may be reasonable to set equal to the mean
activity coefficient for an alkali chloride at an ionic strength 
existing in the buffer solution, or to the mean activity coefficient 
of a hydrochloric acid ’’buffer”*
If the ionic strength of the solution is less than 0*2 then 
both procedures give essentially the same result as would be obtained 
if % were calculated using the Debye-Huckel expression 
- log ¿r - a z l f F h  + /B * Below an ionic strength of 0*1,
pH values using the above corrections agree within + 0*01 units* This 
illustrates why dilute buffer solutions must be used if precise values 
of pH are required*
’’Ideal” solutions then are aqueous solutions of buffers and simple 
salts of ionic strength between 0*01 and 0*1, with only low concentra­
tions of non?-electrolytes present, and within the pH range 2 - 1 2 *
Under these restrictive conditions the measured pH may be expected to 
approach the experimental -logjfg mg value and so can be used in 
equilibrium conditions*
The nature of X n  in this expression is prescribed by the conven^-n
tion chosen for the assignment of pHg to the standard buffers used*
It should be noted, however, that generally it is not the activity 
coefficient of the hydrogen ion that must be estimated directly, but 
rather that of an anion as in the determination of pHg in the
17
18
equation pHg * pW^o + log^°g^ • The measured quantity is m^ 
and rarely does an accurate value of m^ have to be derived from a 
pH value requiring a knowledge of * This fortunate circumstance 
makes it unnecessary to estimate the activity coefficient of the 
hydrogen ion, and it is likely that its activity coefficient, like 
its mobility, is larger than that of other common univalent cations 
and anions*
Finally then pH is regarded as - log m^ where Y  g 
is a conventional hydrogen ion activity*
19
Part (ii) Acidity Function p(ag &Q})
The expression f,acidity function11 has "been adopted to signify 
an experimental quantity with exact thermodynamic meaning? and may be 
defined as the negative logarithm of the concentration of hydrogen 
ions multiplied by an appropriate combination of activity coefficients* 
Unlike the pH value these acidity functions derive their usefulness 
from the unambiguous role that they play in specified chemical equili­
bria*
16
22Guggenheim first pointed out that an experimental measure of 
the quantity - log or - log (mgK'g where X is a uni­
valent anion would be more useful than - log (fflg^g) oven if this
23latter value could be determined exactly* Later Hitchcock suggested 
the use of - log (og^H ^ cl) > that is - log as a useful
acidity function of this type, pointing out that cells with hydrogen 
and Ag/AgCl electrodes, without a liquid junction, were capable of 
furnishing very precise values of this quantity in aqueous solutions 
over a wide range of compositions* Measurements of this acidity 
function have formed the basis for the establishment of the National 
Bureau of Standards’ primary standards of pH*
The acidity functions for the buffers used in this present work
16are those given by Bates and Gary and have been calculated from 
e*m*f* measurements for various buffer solutions over a range of
20
temperature, as recorded in the literature* The original e*m*f*
data were first converted, where necessary, to absolute volts, and
the acidity functions calculated for each buffer using the most
recent values of the standard potential of the cell, and with a
single consistent set of the natural constants* In fact the equation
,16used was
p i a g a i )
E - B°
] + log nu,
2.30259 RT/F Cl
Prom this definition of acidity function, it is evident that the 
value mg is formally related to the acidity function by
- log mg « p(ag (JT'q j ) + log ( ^ g  ̂ C1) - p(ag <fcl) + 2 log (K+
where X + is the mean ionic activity coefficient of hydrochloric 
acid in the buffer solution for which the acidity function has been 
obtained*
P ag
This acidity function may also be used to estimate the value of 
or p Hg from expressions such as
pHg p(ag + y 3i P^®H^C1^
A J / ^
1 + 1.5
where A is the De"by e-Hu eke 1 slope and /- t the ionic strength of the
solution.
CHAPTER IV PKTERMINATTCr OF THE THERMODYNAMIC ACIDITY CONSTANTS 
FROM SEECTROPHOTCWETRIC MBAaiRraroiTS
2 1
In determining the acidity constants of weak acids the simplest 
expression is given by
f acid 7
pKa - "pH" + logj-— j
and the pK 's so calculated would be classical or concentration a
acidity constants*
If MpHrt in this expression is replaced by the thermodynamic 
acidity function, as discussed previously, then for an acid of 
charge type zero the thermodynamic acidity constant may be calcula­
ted from
[ae*1
^ a  " P ^ ^ C l ^  + 108 £ A J  *  X  AH+ + ¿'oiT ......
If, on the other hand, wpHM is replaced by p then again the 
thermodynamic acidity constant for an acid of the same type is given
pK 
* a pGag) + log
AH-"
+ log I ' m *
<f H+
(4-2)
because it has been shown above that 
p(ajj ) by the expression
P “H is formally related to
p(mjj) “ p(ag + log ^ H ^ C l ^  “ P ^ H ^ C l ^  + 2 108
In both equations (4-1) and (4— 2) the customary assumption has 
been made that in dilute solution the activity coefficient of the 
uncharged species approximates to unity*
When studying acids of the phenol type there is a fortuitous 
cancellation of activity terms in the expression for acids of this 
type equivalent to equation (4-1) because the charge types are 
similar* For phenol type acids then the expression for the thermo­
dynamic acidity constant becomes
V
pKa " Cl^ " 1os10
mA-where -—  is the ratio of salt to acid concentration of the weak
18,19,24acid in the buffer solution* Bolton, Hall et, aX have
successfully used this simplified expression for determining the 
thermodynamic acidity constants of a wide range of substituted phenols 
and have shown that the experimental pK values obtained are indepen-3
dent of the ionio strength of the solution for solutions of ionic 
strength less than about 0*15*
The anilinium ion and its derivatives however are of a different 
charge type to phenol and for these acids the mean activity coefficient 
terms do not cancel out but rather become additive* Thus for the 
equilibrium reaction
23
AH+ + H20 A + H30+
the thermodynamic acidity constant may be written as,  “ a V o+ ^  ^ H,0+Ka " ---- i_ • 1 .mAH+ /AH+
from which mApKa - - log ( m ^ *  y ̂ Q+) - log — + + log ym+
assuming a 1 .
Since p(ag jfcl) - - log (ag) - log then
E>Ka = P(ag r ci) - log + log ̂  + log Y
or pKa = P i a g ^ )  - log + 2 log ¿Y+ ..... (4-3)
where + denotes the mean activity coefficient*
If the value p m^ is used, equation (4-2) shows that the 
charge types in the activity coefficient ratio are similar and 
therefore the activity terms may be expected to cancel at least 
partially for the anilinium ions. Consequently if hydrochloric 
acid is the “buffer”, where p m^ is known, then for the anilinium 
ions equation (4-2) simply becomes
pKa * + log [A J .....
24
However pK *s calculated from equation (4-4) usually show a 
small dependence on ionic strength indicating that the assumed 
equivalence of activity coefficient of the H^0+ ion and a proto- 
nated aniline is never quite true even in very dilute solution»
The commonest method of calculating the correction term
in equation (4-3)> which is of the order of 0»1 - 0»2 pK units, is8L
f t
by means of the DebyeHuckel expression
- log ) f m A Z ^ [ /^ ! 1 + f t  ai •••••♦(4-5)
where Z^ is the charge on the ion
a. is the ion size parameter, and
A and yB are functions of the dielectric constant of the 
medium and temperature*
Alternatively the Davies equation
- log - A + £ Z )  - fi Z2/  ̂ ......(4-6)
has been frequently used»
Bates^ has used equation (4-5) for buffer systems and recom­
mends its use for all 1*1 electrolytes with a^ « 4*5 X • Nonethe­
less at ionic strength 0»1 Bates has further shown that log & 
varies by + 0»014 units for a^ ■ 6»0 to a^ » 2*5 for 1*1 
electrolytes»
The Davies equation (4-6) which is a simplified form of the
Debye-Huckel expression is equivalent to setting a^ » 3*04 X •
The usual value given to the parameter f i is 0.1 but for large
anions it has been found desirable to make f i  m 0.2 in order to
,1
compensate for the value of that is too small. Zing has 
pointed out however that a small error in a^ may be compensated 
for by an adjustment to the parameter f i  and suggested therefore 
that j3 become an adjustable parameter.
26
Factors Affecting the Choice of Buffer
Because the acidity function of the buffer is known with great
precision the source of error in the acidity constant arises from
the experimental determination of the salt to acid ratio* Ideally
this value should be unity but this only occurs when the HpHH of the
buffer equals the pK of the weak acid* For maximum precision over
a range of temperature this also means that the slope of MpH11 with
temperature for the buffer and the slope of pK with temperature fora
the weak acid should be identical*
In practice of course this situation might never occur but it
does indicate that the choice of buffer is governed by its MpHM
approximating the pK of the acid over the whole range of temperaturea
of operation* The logarithm of values approximating unity allows the 
greatest tolerance in experimental precision*
A second requirement of the buffer is that it should not absorb 
to any great extent at the wavelength of operation* For example 
buffers of aromatic acids, such as phthalic acid, cannot be used in 
aniline studies, for both substances absorb strongly in the 250-300 m ^  
region of the spectrum*
The Effect of a Weak Acid or Base on the Buffer
A small correction must be applied to the listed values of the 
acidity function of the chosen buffer* This is because the weak 
acid or base under study donates or removes protons from the solution, 
thereby changing the acidity of the buffer (in magnitude the correc­
tion is a minor one, usually of the order of 0*005 pK units anda
always less than*0*2 pK units). But the possible error is not
negligible in work of high precision. Robinson and Kiang2^ have
described a correction procedure for this effect which has been
8 10 18 19extensively used 9 9 9 in studies of ionization of phenols, but
their procedure is not general and in fact for protogenic compounds, 
such as anilines, does not give even approximately true corrections.
A new correction procedure has therefore been devised, which is 
completely general for all acid-base systems in buffers of all charge 
types and this procedure has been applied to all systems under study 
in this project.
The derivation and form of the correction procedure will be
illustrated by considering a buffer solution containing a di pro tic
acid in combination with its sodium hydrogen salt such as the succinic
acid/sodium hydrogen succinate buffer of Table 8 of Bates* and Gary’s
16paper • This is the most complex of the buffer systems used in the 
present project.
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For a buffer consisting of a diprotic acid H^A , of concen­
tration nig , added to a known amount of its sodium hydrogen salt 
Ha HA , of concentration mg , the two simultaneous equilibria
H-A + H.o - r r “ ha*“ + H,0+2 2 ^ 3
and HA*" + H 2° ^ : a= ♦ H30+
have the classical ionization constants
E1 ■ L U ~J [ H30+]  / [ H2A J  .......... (4-7)
and K2 - [f ][*?+]/ [HA" J ......(4-8)
The stoichiometric concentrations of the buffer components 
are given by
mg + mg + [ h a  3 + [ A* (4-9)
whilst the equation of charge types is given by
[ h30+]  + [ n a +j  -  [ha"J + 2 [ a=J + [ctT] .........(4_10)
Heglecting any salt which may be added simply to adjust the 
ionic strength of the buffer (this is justifiable provided the 
added salt is composed of cations and anions of equal charge e*g* 
HaCl) equation (4-10 can be written as
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[ H-0+ + 2 [ as ]  + y [ H (4- 1 1)
Equations (4-7)> (4-8), (4-9) and. (4—11) represent a set of 
simultaneous equations in four unknowns which can be rearranged and 
written in the calculable sequence
[ A= ] -  K2 (“s + I H30+J
[HA" ] = [ / ]  [h 30+] /k 2 
[h2a]»[ha-][h3o+J /Ki
ZERO » J + [ ha“_ + [E2A] - (nig + mg)
.An initial value of Ĵ Ĥ O+J , obtained from a knowledge of the 
acidity function of the buffer, was varied by appropriate increments 
until the set of four equations became self—consistent as shown by 
the term "ZERO" being as close to ZERO as was necessary to give a 
sufficiently correct result. The value of , so obtained, ,
is the equilibrium value of the hydrogen ion concentration of the pure 
buffer under the particular conditions of temperature and ionic 
strength considered.
When a small amount of a base B is added then the original jj^O+J 
of the pure buffer is perturbed to a new equilibrium value, • In 
order to calculate Hg the above four equilibria have to be satisfied
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in conjunction with the new equilibrium
B H+ + HgO 7— B + H 0+ .
The ionization constant of the conjugate acid of the added base is
Ka " LB1 !> 3 0+]  / l BH+- [ h 3o+] / [ bh+.
where m^ is the concentration of the added base.
Analysis as before of the five simultaneous equilibria gives 




[ h 2a ]
“b [h 30+] / (Ka + 
K2 ( [h 30+J + ms
[ h 3o + ] )
+ [bh+] - V[ h30+] )/([h3o+ + 2K2)
[A=J  [ H30+]  A 2
[ha-J [h3o+] /K,
ZERO W  + [ha"] + [h2a] - (mg + mg)
The initial value of Ih ^0+] is, this time, taken as and 
this is subjected to the same iterative procedure as before to give 
Hg • The correction to be applied to the acidity function is then 
H2 -  H 1 .
This method of solution is ideally suited to the use of a 
digital computer and Dr* P*D* Bolton* Department of Chemistry* 
Wollongong University College, has programmed the method for the 
comparatively slow IBM 1620 computer available at this College* 
This computer is able to give a complete set of correction values 
for ten temperatures in about two minutes* A listing of the 
program is given in the Appendix*
The generality of the method lies in the way the computer 
programme was written* The input and output sections and the 
iterative procedure for the determination of the equilibrium value 
of H^O are common to all systems* The only parts which require 
changing when a move is made to a new buffer system or a new acid 
type are the two sets of simultaneous equations which are operated 
on* These were therefore written as Fortran II Subroutine sub­
programmes and called into operation at appropriate points in the 
main programme* A change in the system simply requires replacing 
the two sets of equations given above with the two sets appropriate 
to the new system written in Fortran notation in a calculable
sequence*
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CHAPTER 5 TEMPERATURE DEPENDENCE OF ACIDITY CONSTANTS
Determination of Enthalpy and Entropy»
A change in temperature causes a shift in the equilibrium point 
for almost every system. Thus the relathre strength of an acid is 
altered by temperature changes, and from this variation of acidity 
constant with temperature, the changes in enthalpy, entropy and heat 
capacity can be found.
The effect of temperature change on acid-base equilibria is 
related to the heat of ionization by the van*t Hoff isochore
( d In Ka 
( d T p.m. A E2RT
where A H is the difference in partial molal enthalpies of the ions 
and molecules in their standard states.
For any equilibrium process at constant pressure and at a given 
temperature, T, the relationship between the free energy, enthalpy and 
entropy at that temperature is given by
A G = A H  - T A  S
In terms of the acidity constant, Ka, this becomes 
-2.303 RT log Ka = A H - T A S
or pKa = 2̂ § 3E ( V 1) " 2U 303R .............. 5 - 1
This equation, which is equivalent to that obtained by 
integration of the van’t Hoff isochore, indicates that if pKa's 
are measured over a range of temperature then plots of pKa against 
l/T will be linear, and values of A  H and A  S will be calculable 
from the slope and intercept respectively, provided that both A  H 
and A  S are independent of temperature over the experimental 
temperature range.
Figure 5 - 1  shows such a plot for the proton dissociation in 
aqueous solution of benzoic acid, phenol and the anilinium ion. It 
is clear that the assumption of the temperature independence of A  H 
and A S  is not applicable to these systems although the degree of 
curvature for the anilinium ion is quite small. Of the various 
methods suggested for the calculation of A H  and A  S values for
such systems the most widely used have been the Harned-Robinson
. . 28equation
pKa = A/T ■ B + CT ... ... ... .o. ( 5 ““ )̂
29and the Everett and Wynne-Jones equation
pKa == A/T — B + C log T .0. ... ... (5 -* 3)
where the two sets of constants (A, B, C) have different values in 
each case.
Equation 5 - 2  was derived from the experimental observation 
that the e.m.f. of hydrogen - silver/silver chloride cells could 
always be expressed as a quadratic in temperature. With this 
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A G  = 2.303 R (A- BT + CT2)
A  H = 2.303 R (A - CT)
A S = 2.303R (B - 2CT)
& Cp = - 2.303 (2 CT)
Everett and Wynne-Jones derived their equation by starting with 
the reasonable assumption that the enthalpy could be expressed as a 
quadratic function of temperature
1 1 1 2  A  H « A - B T - C T
2For convenience of computation however the term in T was omitted and 
this led to the following expressions for the thermodynamic functions
A G  o 2.303 R (A - BT + CT log e T)
A H  = 2.303 R (A - CT)
A S  « 2.303 R (B - C - C log e T)
ACp » - 2.303 R 0«
It is clear that the Everett and Wynne-Jones equation is empirical 
in that it implicitly assumes A H  to be a linear function of temperature 
(and therefore ACp to be independent of temperature) and values of 
A  H and A  S calculated in this way can have physical significance 
only if these implied assumptions are true for the particular system 
under consideration.
The Harned—Robinson equation puts A H  as an incomplete quadratic 
in temperature and this in turn implies A  Cp to be proportional to 
temperature. This equation is doubly empirical in the sense that it
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arbitrarily represses one term of the otherwise probably reasonable 
quadratic expression for enthalpy, and also depends for its validity 
upon the temperature dependence of A H  and ACp being as assumed.
The former point is serious from a mathematical viewpoint since it 
introduces an unnecessary statistical bias into the thermodynamic 
function values calculated.
These two empirical equations have been very widely used for 
the determination of thermodynamic functions from equilibrium data 
and in practice it has been found that for most acid ionization data 
both equations give equivalent results within experimental error.
With more precise data measured over wider temperature ranges, 
however, the shortcomings of the empirical equations become less 
negligible and in 1966 Clarke and Glew^ put forward a non-empirical 
method of calculating thermodynamic functions from such equilibrium 
data.
In this the thermodynamic functions AG, AH, A S  and A Cp are 
considered to be continuous, well behaved functions of temperature and 
their values at some experimental temperature, T, are expressed as 
perturbations on their values at some reference temperature 0  by a 
Taylor*s series expansion. Thus for A HT, for example,
AHj +AC/>e (T-O') f ¿(¿Aty/dT)e(T-0^
+-i (d*AC/> /6T*)e (T- e f
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In the same way A and A Cp̂ , are expressed as similar 
Taylor1 s series expansions which are also arbitrarily terminated at 
the third derivative of A  Op. Combination of the resulting three 
equations with the standard expressions
= A  HT - T A  ST = - RT In Ka
leads to
E In Ka = "-gr® * A H e l e  + 4 C > e - I  + )]
+ t(uy/d7jei(f)-f
1 -T S .U s  &€/>e  / c l  T * )  e  L(-q ) )/- 3 i  Y ~ )r 6 <£, )]
+ a  ?J>e/ol T * ) h C ^ ) s - ) *  t - / s (  % )
-/o- ¡¿-f) - n U. £-J)3 ---- (s-jf)
Under normal experimental circumstances the reference temperature 
(usually 298 - 15°A) is located about- the middle of an experimental 
temperature range which is small compared with the magnitude of ©  , 
hence the terms T/ 0  and 0/T be quite close to unity and the term 
1J q  - l/T is close to zero. Under these conditions equation 5 - 4  
is subject to considerable computational "round-off" errors. These 
may be alleviated by rescaling the dependent variable expressions in 
terms of a new temperature variable x where
x (T - Q  ) /  Q>
This gives
3S
E In Ka = ^ I n ' l t  ' ]
+ -f^AC^De l* ?tt ¿7z (-*>n"J
+ ~ £ L b  A t f r / o l T ^ e  n i g  ( ~  *-) ‘ 1
+ * * % ' £ ■ +  t - x ) n "  -  - ■  ( s - s )
Equation 5 - 5 can he rewritten as the regression equation
R In Ka = hQ + b,t, + b^ t^ +b^ t^ + b^t^ + h^ t^ ... (5 - 6)
where the terms "hi” are regression parameters and the terms ”ti” are 
temperature dependent variables, that is
__±__ t
1 + x ’ x2 = x
oO
£  — (-x)n + 1 'n=l
n - 1
hr. P. h. Bolton of the hepartment of Chemistry, Wollongong University 
College, has written a computer program (Appendix I, ’’Clarke and Glew 
equations”) which calculates the least squares estimates of the 
regression parameters ”bi” by fitting equation  ̂ -  6 firstly as a one 
temperature-variable equation
R In Ka = b o + b^ t^ 
then as a two temperature-variable equation
R In Ka bo + \  t^ + b^ t^
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and so on to the full five temperature-variable equation. At each 
stage back-substitution of the calculated values of "bi" into the
appropriate expressions,
b o  = - ACre/G
b l  = A H  q / G
b 2 = A  Cp,©
b 3 3 (0/ 2) (dACp/dT)
b 4 = (@2/ 6) (d2 A Cp/dT2)
b 5 - (e5/24) (a5 A Cp/dT3)
gives values for the thermodynamic functions calculated by that 
sub-set of equation 5 - 6* The least-squares normal equations are 
solved by the matrix-inversion technique and the elements of the 
inverse matrix are used to calculate the standard errors in each 
function.
Each additional temperature-variable term added to the regression 
equation usually results in an increase in goodness of fit of the 
equation to the experimental data. For this increased precision of 
fit to have physical significance it is necessary to show at each stage 
that the latest thermodynamic function computed, that is AOP for the 
two temperature—variable equation, d Cp/dT for the three temperature-
variable equations, etc., differs significantly from zero.
In the computer program this is done by applying a variance ratio 
F-test to compute the percentage probability that the null hypothesis 
is correct and that the increase in precision of fit arises from the 
extra "flexibility” of the curve and has not statistical significance.
It is not necessary in principle to terminate the Taylor*s 
series expansion at the third derivative of A Cp, and Clarke and 
Glew have given general expressions for the terms in equation 5 - 5  
which enable any number of variables to be added to fit data of any 
precision* In practice, however, it is found that even the most 
precise data available can be adequately evaluated by the four 
temperature-variable equation and an analysis out to five temperature- 
variables as in the present work, is therefore adequate for all 
existing data*
When used correctly in this way, then the Clarke and Glew 
procedure gives a unique, thermodynamically meaningful and non­
empirical representation of the experimental data and the values of 
the thermodynamic functions so calculated are the best unbiased 
estimates calculable from that date*
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CHAPTER 6 STRUCTURAL EFFECTS OH THE REACTIVITY OF AROMATIC MQT.rcnTTT.ra.
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Substituent groups can change the electron density on an acidic 
group by polar interactions* In aromatic acids the electron density 
on the acidic group is changed, not only by inductive effects but also 
by resonance effects and separation of the two effects is not simple. 
For acids containing a benzene ring the inductive effect should be 
largest at the ortho-position and smallest at the para-position*
However ortho-derivatives can exhibit various peculiarities associated 
with the proximity of the substituent to the ionizing group, whereas 
the difference in inductive effects at the more remote met a- and jDara- 
positions is so small that it is often ignored.
Most substituents enter into resonance with the aromatic ring, 
such conjugation being largest at the ortho- and para- positions.
Groups may be classified according to whether they withdraw electron 
density from the ring (e.g. - NO^, -CN, -CHO) or supply it from their 
lone-pair electrons (e.g. -F, -OCH^). In terms of classical electronic 
theories of reactivity the first group is considered to strengthen acids 
by resonance withdrawal of electron density from the ring, accompanied 
by a shift in electron density from the acid group to the ring. The 
second group increases the electron density on the acidic group by 
conjugation through the aromatic ring and this facilitates protonation.
Meta-derivatives cannot conjugate efficiently with the acidic 
group. Their resonance interaction with the aromatic ring produces 
changes in electron density at the ortho- and para- positions and 
these affect acid strength by induction.
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In acid ionization processes proximity effects are often small 
and difficult to separate from other influences. Bulky substituents 
next to an acidic group may influence the gain or loss of a proton in 
several ways* the most common of which is by preventing or restricting 
solvent molecules from solvating and stabilizing a cation acid or anion 
base.
Another frequently encountered steric substituent effect is that 
in which a bulky substituent prevents a large acid group, or another 
substituent, from taking up-a conformation planar to the ring, thereby 
inhibiting resonance interactions. When this type of effect is observed 
it is extremely difficult to separate polar from steric effects.
A rather special proximity effect is that of intra-molecular 
hydrogen bonding. Such a bond in a base enhances acid strength by 
lowering the potential energy relative to that of the conjugate acid. 
Hydrogen bonding is an effect superimposed on inductive, resonance 
and other steric effects and is difficult to separate from them. As 
a result hydrogen bonding is not usually considered on its own.
The interpretation and prediction of relative acid strengths in 
terms of classical electronic theories of reactivity has been soundly 
criticised by Hambly^1. He points out that a clue to the process 
controlling the relative strengths of acids may be found by considering 
the auto-dissociation of water where the plot of log K against l/T 
deviates from linearity, indicating that A H  is changing rapidly with 
temperature28. The value of A H  varies from 14.88 k cal at 0°C to 
11.86 k cal at 60°C and A Cp = 51 cal deg 1.
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If the reaction is written as
HgO + HgO s=̂  H 0+ + OH"
an apparent absurdity exists as the total heat capacity on the left 
hand side is 36 cal deg"* and for this to decrease by 51 cal deg“1  
would mean that the materials on the right hand side had negative heat 
capacities* Obviously the equation, as written, does not represent 
the reaction and in fact hydrogen bonding and many molecules of water 
are involved in this dissociation process*
The extent to which any process occurs is governed, at constant 
temperature and pressure, by passage of the system to a minimum of 
free energy, a quantity determined by both the total energy of the 
system and its degree of order, i.e.
G = H - TS
The bonding of solvent molecules to the ions causes a reduction in the 
heat capacity of the system, which is . one aspect of the greater order 
resulting from the hydration of ions.
The fall in the value of Cp, resulting from the ionization of a 
carboxylic acid in water is smaller than for the self ionization of 
water. This fact further indicates that many solvent molecules take 
part in the dissociation process and it is here that electronic 
theories of reactivity break down. As the values of the heats of 
dissociation are in the order opposite to that required to account 
for the strengths of the acids, the highly negative entropy changes 
that accompany dissociation must be the dominant terms in controlling 
the relative strengths of carboxylic acids.
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The variation of equilibrium constant for the simple aliphatic 
acids is small, and therefore likely to show anomaly. The control of 
the equilibrium constant by the entropy of ionization is also found 
for meta- and para- substituted benzoic acids. In this latter case 
the values of the dissociation constants have been used to define 
the standard substituent constants in Hammetts equation.
Free energy increments are the resultants of contributions
from enthalpy and entropy increments and these are usually sufficiently
independent for the two sets of functions to sometimes have the same
sign and sometimes to have opposite signs. It is most commonly found
that enthalpy and entropy work against one another, that is as ¿ A H
increases so does ¿ A S  and the resulting change in ¿ A G  is very
small* This "compensation effect" has been discussed in detail many
19btimes, including recently by Bolton and ÜL1 . In a large number of 
reaction series the relationship between ¿ A H  and ¿ A S  takes the form 
of a precise linear correlation, that is 
A H  = 0( and
¿ A H  = yB ¿ A  S
Leffler^2 has drawn a conclusion that there will be a temperature, 
T° = at which
¿ A H  - ^ ¿ A S = à A H  - T^/iS ^ ¿ A G  = C <  (a constant)
At this temperature A G  is the same for all reactions andP « 0
33for a set of reactions that is described by Hammett« s equation . This 
theoretical temperature is known as the isokinetic or isoequilibrium
temperature.
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T 34-It has been argued^ that where a substituent effects a change in 
the free energy of a reaction process through a single interaction 
mechanism then any two of the quantities 6 A  G <J AH and ^ A  S 
should be linearly related* (Briefly A  G represents the change 
in free energy caused by the introduction of a substituent, i.e.
¿ A G =  A  G - A  Gq etc.) Where the substituent acts through a
multiplicity of mechanisms, but with one dominating, then a general
trend towards proportionality will still be shown. Leffler and
Grfc^nwald have given the thermodynamic quantities for many phenols 
18band an analysis of these values shows that a high degree of linear 
proportionality between AG, A H  and A S exists for the ortho- and 
nara- substituents, but not for the meta- substituents. The conclusion 
is that a dominant substituent interaction mechanism exists for the 
ortho- and para- substituted phenols only. The degree of correlation 
between the ortho- and para- substituted series is also almost unimpaired 
when taken together indicating the same mechanism probably operates in 
both series to approximately the same extent.
Substituent effects on the free energy of ionization of phenols, 
it has been further suggested^^, are related mainly to changes in A S  
as the range of change of A H  is rather small. Ortho- and para- 
substituted phenols show good linear correlation between A G  and AS. 
Meta- substituted phenols also show good linearity between A G  and A S 
but with a different slope^^. This could be due to a different 
interaction mechanism or the same mechanism, as for ortho- and para- 
substituents, but operating to a different extent.
4S
The Hammett Equation
Within any given series of acids, substituent effects may be 
compared by the magnitude and sign of the reactivity parameter,
¿ pK = pKa (unsubstituted) - pKa (substituted).
Where the "unsubstituted" acid is the parent acid of the series, 
that is usually that acid with hydrogen as "substituent".
But are substituent effects in one series comparable with those 
in another series? When values of ^ pK for various substituted 
anilinium ions and phenols are compared with those for the equivalently 
substituted benzoic acids a linear correlation is observed for all the 
meta- substituents and most of the para- substituents. This can be 
expressed by
pK (m- or p- X Cg H.Y H) = ( p ¿T pK (m- or p- X Cg C 00 H)
where (P is a reaction constant which is the same for all substituents 
but which is dependent on the solvent, temperature and the nature of 
the acid groups -YH and - C00H. It is customary to set (P = 1 for 
substituted benzoic acids (-YH = - C00H) in aqueous solution at 25 > *
that is to define this at the reference reaction series.
This reaction constants expresses the sensitivity of the 
acidic group to inductive and resonance effects and as the distance 
between substituent and acid group increases the reaction constant 
value decreases. When the acid group can conjugate with the ring the 
reaction constant is larger than when conjugation is impossible.
For example P  for phenols is more than twice as great as ¿P for the 
benzoic acids because the acidic hydroxyl group is closer to the 
substituent and directly conjugated with the ring.
The most usual form of the above equation is the Hammett rho­
. 33sigma equation
^ pk = (P < r
which is applicable not only to relative acidity constants but also 
to relative reaction rates. The substituent constant, (f , measures 
the ability of the substituent to either withdraw electrons from the 
ring or donate them to it by induction and resonance. Substituents 
that have more electron-withdrawing power than hydrogen, have positive 
substituent constants, that is the substituted acid is stronger than 
the unsubstituted acid and & pK is positive. Those with less electron 
withdrawing power than hydrogen have negative sigma ( CT ) values.
It is now the accepted convention to define <f constants in terms
of the effect of the substituent on the ionization of benzoic acid in
water at 25° and from these parameters one can store and correlate a
35large quantity of equilibrium and rate data • Other equilibrium 
constants as yet unmeasured, can also be predicted from known <P and 
(f* values.
Because of the relationship between pK and A G° the Hammett 
equation is referred to as a ’’linear free energy relationship”. A 
fundamental requirement for a linear free energy relationship is a 
constancy of mechanism throughout each reaction.
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In the extreme case an abrupt change in mechanism results in 
a different response of log K to substituent polar effects resulting 
in a sharp discontinuity in the usual log Ka versus <f plot.
In his excellent review Wells' has discussed the correlation 
of structural changes in the substrate molecule in terms of the Hammett 
equation. Numerous extensions of this equation have been suggested to 
cover reactions and systems originally excluded. For example one source 
of failure is found in reactions where there can be direct conjugation 
between reaction centre and a para-substituent. such as in anilines and 
phenols.
It is common practice to give deviating substituents (for example
p - NO^, p - CHO, etc.) special enhanced substituent parameters
(designated c v a l u e s )  when they are used in reactions of phenols,
anilines and similar direct conjugation substrate series. With these
parameters the deviating substituents are brought approximately into line
with "normal” substituents. This approach has been soundly criticised
37by van Bekkum, Verkade and Wepster who have shown that the implied 
assumption of a constant deviation for each substituent has no foundation.
38Recently Swain and Lupton' have attempted to simplify the now 
rather complex <T nomenclature by calculating field and resonance constants 
from Hammett cT values. The authors have proposed that these field and 
resonance constants are more accurately defined and more physically 
significant independent variables for correlating, or predicting, 
substituent effects than the various cT expression?
The Hammett equation is unable to correlate reactions involving 
ortho-substituents and several types of linear free energy relationship 
have been suggested for this class of reaction series. Of these the 
most widely used, and most successful, have been the Taft^ group of 
equations•
These are the Taft linear polar energy relationship,
¿log K = (P *  ( f *
the Taft linear steric energy relationship 
b log K = S.Eg
and the linear combination of these two equations
O log K = ( P * ( T *  + S.Eg
*In these equations the terms (p and S are reaction parameters 
and represent the sensitivity of the reaction series to polar and 
steric effects respectively.
*The substituent parameters ( f and Eg are defined in terms of 
the relative rate constants of the acid- and base-catalysed hydrolyses 
of ortho-substituted ethyl benzoates. Thus the steric parameter, Eg, 
which is defined as
Es = ( ¿1 log k)ac.d
depends for its validity upon the known insensitivity of ester 
hydrolyses to polar effects.
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The polar substituent parameter <T is then defined as 
<J* = 1/2.48 [  ( ¿ l o g  k)base - ( a log k)acid ]
= 1/2.48 [ ( a  logk)base - Es ]
where the factor 2*48 was arbitrarily introduced to give the resulting 
*
CT values magnitudes approximately equal to those of the corresponding 
Hammett equation cT values.
•X-
Farthing and Nam^ have suggested a planar free-energy relationship 
applicable to ortho- substituted reaction series, which is defined in 
terms of the same defining reaction series as the Hammett equation, 
namely the ionization of benzoic acid in water at 25°• A substituent 
electronic parameter is defined as
( f „  = ( ^  log K)E ' 'para
and a steric substituent parameter as
< f  S = ( ̂  log ^ortho ~ <f&
and these are used in the four-parameter relationship
¿ l o g K  = <Pe <Tb +(P s Cfs
or in two two-parameter relationships representing only polar or only 
steric effects respectively, as in the Taft equations.
Charton^1 has shown that, in general, the electronic effects of 
ortho-substituents are linearly related to those of para-substitutents 
and this finding strengthens the validity of Farthing and Hamfs 
procedure. Bolton, Hall and Reece ^ have shown that for the ionization
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of ortho-substituted phenols these relationships give a better 
representation of the experimental data than do the Taft equations*
CHAPTER 7 EXPERIMENTAL DETAILS
The various experimental procedures involved in determining 
thermodynamic pKa values using the e.m.f. spectropho tome trie 
technique may he classified as follows:
(i) preparation and/or purification of the anilines to he studied
(ii) preparation of the appropriate buffer or buffers selected for 
each aniline under investigation
(iii) spectropho tome trie measurement of the absorbance by the various 
species of the aniline at the appropriate wave length over a 
range of temperature
(iv) evaluation of the thermodynamic pKa value of the aniline by 
calculating the apparent pKa and correcting this value for the 
effect of the aniline on the acidity coefficient extrapolation 
adjustments to the classical pKa values. The thermodynamic pKa 
values are evaluated at 5°C intervals over a range of temperature 
dictated by the acidity function values available for the chosen 
buffer.
(v) computation of the thermodynamic parameters AH^^, A S 2  ̂311(1
30
& C p  , using the Clarke and Clew procedure. .
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Preparation and/or Purification of the Anilines
The anilines selected, whether meta-, ortho- para-, or 5, 5 
disubstituted all contained the same series of substituents, namely’ 
nitro-, chloro-, bromo-, iodo-, methyl and methoxy groups«
With the exception of 3*5 dibromo aniline and 3*5 diiodo aniline, 
all the anilines were commercial products and were purified before use 
by either vacuum distillation or recrystallization from water and 
charcoal as appropriate. Wherever possible melting points were taken 
and compared with those values available in the literature.
The 3*5 dibromo aniline and 3*5 diiodo aniline were both prepared 
4-2by Mr. J. Kudrynski^ , the former from p-nitro aniline by the method of- 
4-3Shepherd , the latter by iodination of p-nitro aniline, using iodine 
monochloride, to give 2,6 diiodo 4-~uitro aniline which was then deaminated 
to give 3*5 diiodo nitrobenzene. Reduction of the nitro group gave 
3*5 diiodo aniline.
Whilst every effort has been made to ensure a high purity for each 
compound it should be reiterated that small amounts of impurities will 
usually have a negligible effect on the spectrophotometric measurements 
used in determining the pKa values.
The molecular extinction coefficient of aromatic amines is of the 
order of thousands, consequently a bulk solution of approximately 
0*5 g/litre, will give, when diluted by a factor of five or ten with 
acid, base or buffer, a satisfactory absorbance of approximately 0.6.
A decisive advantage of this fact is that a low solubility of aniline 
does not prevent or reduce the precision of the determination.
The molality of each aniline, along with the other relevant data 
is given in table 7-1« For all anilines except 3>5 diiodo aniline, 
molal concentrations of the order of 1 x lCT^m were used# The 
solubility of 3,5 diiodo—aniline was found to be so low that even a 
concentration of this small magnitude could not be used. Therefore 
satisfactory absorbance measurements were obtained by using 20 mm cells 
in place of the 10 mm f,Q.S. Hellma” optical cells used for all other 
anilines.
A precise amount of aniline is necessary within each experimental 
run, but not from one experiment to another. For example precisely 
20 ml of the bulk aniline solution may be made up to 100 ml with
(a) buffer solution and water such that the ionic strength of the solution 
is known,
(b) sulphuric acid and water to ensure complete protonation of the aniline
(c) sodium hydroxide and water to ensure complete deprotonation of the 
anilinium ion. These solutions may be used for a complete set of 
experimental results, but 25 ml of the same aniline may be used in the 
same fashion for another set of results. The only effect introduced 
by this variation in molality of the aniline relates to the correction 
for the effect of the aniline on the buffer which is in all cases a 
small correction only.
TABLE 7 - 1
1 2 3 4 5
M e t h o d  o f M . P t  o r  B . P t M . P t  o r  B . P t B u f f e r
A n i l i n e p u r i f i c a t i o n d e t e r m i n e d L i t e r a t u r e C h o s e n
A n i l i n e v a c .  d i e t . B . P t  1 8 4 B . P t  1 8 4 . 4 S u c c in a t e
* - CHj v a c .  d i s t . B . P t  2 0 2 B . P t  2 0 3 . 3 S u c c in a t e
m -  O C H ^ v a c .  d i s t . B . P t  2 4 9 B . P t  2 5 1 S u c c in a t e
m -  a v a c .  d i s t . B . P t  2 2 8 B . P t  2 3 0 S u c c in a t e
m -  B r v a c .  d i s t . B . P t  2 5 0 B . P t  2 5 1 S u c c in a t e
m -  1 v a c .  d i s t . M . P t  3 3 . 5 M . P t  3 3 S u c c in a t e
m  -  E 0 2 r e c r y s t M . P t  1 1 2 . 5 M . P t  1 1 2 P h o s p h a t e
0 -  CH v a c .  d i s t . B . P t  1 9 8 - 9 B . P t  1 9 9 . 5 S u c c in a t e'?ro1o v a c .  d i s t . B . P t  2 2 4 —5 B . P t  2 2 4 S u c c in a t e
0  -  C l v a c .  d i s t . B . P t  2 1 0 B . P t  2 0 9  ( P h o s p h a t e
( H  C l
0  -  B r s u b l i m e d M . P t  3 0 - 3 1 M . P t  3 1 . 5 H  d
0 - 1 s u b l i m e d M . P t  5 9 . 5 M . P t  6 0 - 1  ( P h o s p h a t e
( H  C l
o - ho2 r e c r y s t M . P t  7 1 M . P t  7 1 . 5 H C l
P - CBj v a c .  d i s t . M . P t  4 4 M . P t  4 4 . 5 S u c c in a t e
p  -  0 C H 3 s u b l i m e d M . P t  5 8 M . P t  5 7 . 2 S u c c in a t e
p  -  C l r e c r y s t M . P t  7 1 . 5 M . P t  7 2 . S u c c in a t e
p  -  B r r e c r y s t M . P t  6 5 - 6 M . P t  6 6 . 4 S u c c in a t e
p  -  1 r e c r y s t M . P t  6 3 M . P t  6 2 - 3 S u c c in a t e
p  -  m 2 r e c r y s t M . P t  1 4 7 - 8 M . P t  1 4 8 H  CEL
3 , 5  d i - C H ^ v a c  d i s t . B . P t  2 2 0 - 2 B . P t  2 2 1 S u c c in a t e
3 , 5  d i - O C H ^ r e c r y s t M . P t  5 1 - 3 M . P t  5 2 - 3 S u c c in a t e
3 , 5  d i - C l v a c .  s u b l . M . P t  5 1 - 2 M . P t  5 0 . 5 P h o s p p h a t e
3 , 5  d i - B r v a c . s u b l . M . P t  5 6 - 7 M . P t  5 7 P h o s p h a t e
3 , 5  d i - I v a c .  s u b l . M . P t  1 0 8 - 1 1 0 M . P t  n o P h o s p h a t e
3 , 5  d i- I T O g r e c r y s t . M . P t  1 6 1 - 2 M . P t  1 6 0 H  C l
6
B u f f e r  
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A n i l i n e
m o l a l i t y
4 . 3  X  1 0 “ 4
4 .8  X 10-4
3 . 9  X  1 0 * * 4
3 . 9  X  I O “ 4
3 . 1  X  1 0 ” 4
3.6 X 10” 4
> 4
3 . 9  X  1 0 “ *
3 . 8  X  1 0 ~ 4
1 . 1  X 1 0 " 4
8 . 5  X 1 0 “ ^
9 . 5  X 1 0 “ ?
1.4  X 10“ 4
2 . 1  X 1 0 ” 4
2 . 5  X 1 0 ” 4
1 . 4  X 1 0 “ 4
3 . 8  X 1 0 “ 4
3 . 7  X 1 0 “ 4
3 . 5  X  1 0 “ 4
1.9 X 10“ 4
3.9 X 10“4
4 . 6  X  1 0 “ 5
7.0 X 10“4
3.0 X 10“4
6.2 X 10“ 4
4.0 X 10“ 4
2 . 8  X 1 0 “ 5
3 . 2  X 1 0 “ 4
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For most of the chosen anilines the wavelengths of their 
absorbance peaks, and their pKa values at 25°> are in the literature"^ • 
To verify absorption peaks, if available, and to select the most 
suitable peaks if unknown, a preliminary spectrum was obtained on the 
buffered solution, the acidified solution and the alkaline solution 
of each aniline using a recording Perkin-Elmer 137 W  spectrophotometer* 
This spectrum also quickly permitted a check on the suitability of the 
buffer, the suitable molality of aniline and, if an isosbestic point or 
points occurs, a measure of the purity of the aniline. Table 7 - 1  
lists, under X  max, the selected wavelength for each aniline. In every 
case except one, that of 3>5 dimethoxy aniline, the absorption peak of 
the base form was found to be the most suitable for spectrophotometric 
measurement. For 3>5 dimethoxy aniline the absorption peak of the acid 
form was found to be satisfactory however. The non-conformity of the 
3,5 dimethoxy aniline will be discussed later.
The bulk solutions of the anilines were found to be stable in 
every case but nonetheless were always stored out of light.
Buffers
57
For every set of experiments the buffers were prepared strictly 
in accordance with the details given by Bates and Gary1 .
The apparent acidity constants of the anilinium ions, defined
]_
as pKa = p (aH $ Cl) + log
are higher by approximately 0.15 pKa units than the theimodynamic pKa
Ideally the slope of the acidity function against temperature 
should duplicate the slope of the apparent acidity constant against 
temperature. In practice of course such an ideal situation is most 
unlikely to exist and since the spectrophotometer tended to display 
lower stability at elevated temperatures it was found expedient to 
select a buffer whose acidity function values approximated to the pKa^ 
of the aniline at higher temperatures rather than at lower temperatures.
Buffers containing aromatic acids could not be used because of 
their great absorbance in the region of spec tropho tome trie operation. 
Many of the buffers used did show a small degree of absorption within 
the operational region but this could easily be allowed for by making 
"blank" measurements on solutions containing only the buffer. With 
the high degree of precision aimed at in these measurements, many
values. This variation between pKâ " and pKa is composed mainly of the 
necessary activity coefficient correction (2 log ¿0* Consequently when 
selecting a buffer the higher pKa^ value rather than the lower thermo­
dynamic pKa value, predicted or known at 25°, should be considered.
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background absorbances, due to acid, alkali, cell variations, etcetera, 
which would normally have been negligible, had to be corrected for by 
running blanks on each cell and solution prior to studying the various 
aniline solutions*
l SThe range of buffers available does not extend to the region 
below pH20 For measurements on anilinium ions having pKa values below 
2, hydrochloric acid solutions of varying molal concentrations were used 
as ’‘buffers” • 'The pKa^ values were then extrapolated to zero acid strength 
in order to obtain the thermodynamic pKa value* In operating by this 
method^ the value of pmH for the hydrochloric acid is used in lieu of 
the acidity function, and because of this no correction for activity is 
necessary. The pmH for hydrochloric acid remains constant over the 
operating temperature range with the result that it is only necessary 
to accurately standardize the acid in the first instance and then very 
the aliquots added to the aniline solutions. For the standardization of 
the hydrochloric acid T.H.A.M.44 (iris hydroxy methyl amino methane) was 
used as a primary standard*
Soectrouhotometrie Measurements
59
0?he spectrophotometer used for all measurements was an Optica 
CF4 manual grating spectrophotometer suitably modified^ by replacing 
the plastic undercarriage in the cell compartment with one of brass 
through which thermos tatted liquid was circulated by means of tubing 
brought in from beneath the cell compartment. Because of the slots 
required for the tubes it was necessary to construct a light trap from 
fibre insulation and black Italian cloth. Fig 7-1 is a photograph 
of the apparatus used.
Initially two thermostatted tanks were used, one refrigerated 
to act primarily as a heat sink and the other heated. For later work 
this was replaced by a heater-chiller thermostatted tank complete with 
pump, with an operating range of 0 - 100 and capable of - 0.1 C control.
To prevent fogging of the cells when operating below ambient 
temperature, cold dry air was pumped into the top of the cell compartment.
To minimize the amount of heat reaching the detector a 1P28 photomultiplier, 
quartz windows were fitted into the light path openings of the cell 
compartment •
Initially temperature measurements were made with a thermometer 
specially made to fit into the cell openings and standardized to read 
- 0.05°C. Normally temperature readings were taken in the cell containing 
the buffered solution of the aniline, as the absorbance of this solution 
usually varies considerably with temperature. The acid and base forms
í'flGI *¡ è: Bl'c " P
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were found to show practically no variation in absorbance over the 
temperature range of operation* The thermometer was kept between 
readings in the thermostatt© d tank to avoid heat losses or gains to 
the solution by the thermometer* The major disadvantage of this 
technique was the need to open the cell compartment every time a 
temperature measurement was made*
Subsequently the thermometer was replaced by a "Digitec" digital 
thermometer and thermistor probe, manufactured by United Systems 
Corporation U.S*A* The thermistor lead was able to be taken, most 
conveniently, through the base of the cell compartment of the spectro­
photometer* This thermistor system can read to t, 0.02°C, can be left 
permanently in the solution or solutions (the potentiometer has four 
channels) and the cell compartment need never be opened during a series 
of measurements over a range of temperature • It was therefore a far 
more desirable system of temperature measurement*
A fundamental requirement of the spectrophotometer is precision 
and accuracy* Absorbance readings must be accurate to - 0*001 if the 
precision of the acidity functions of the buffers is to be matched, and 
if pKa values with an experimental error of + 0*002 units are to be 
achieved*
For spectrophotometric measurements the solutions were prepared 
and placed in a set of four matched Teflon stoppered, "Sellma" Q.S.
10 mm cells as follows:
Cell 1 water only as a reference
Cell 2 — aniline plus buffer to give a solution of knoT̂ n ionic strength
Cell 3 - the same volume of aniline hulk solution as in Cell 2 plus
sufficient to ensure complete protonation of the aniline
Cell 4 - the same volume of aniline hulk solution as in Cells 2 and 3
plus sufficient NaOH to ensure no protonation of the aniline«
The acid, hase and buffered solutions were of course first prepared 
in standardized graduated flasks* Prior to each set of measurements each 
cell was filled with the appropriate solution, hut with no aniline present 
to give the blank corrections*
Finally the whole system of cells was thermostatted in the 
spectrophotometer and at the predetermined wave length the absorbance 
values of cells 2, 3 and 4 were measured at that tenperature •
The apparent acidity constants (pKa^) were then calculated from
pKa1 = p (aH ^  Cl) - log ^ T d m )  or
pKa1 - p (aH %  Cl) - log
where di is the absorbance of the protonated form, dm is the absorbance 
of the molecule and d is the absorbance of the mixture (buffer solution)*
Fig 7-2 shows the U*V. spectrum for me tanne thoxy aniline* It is 
a, typical example of the spectra obtained when using the recording 
spectrophotometer, for determining the wavelength of operation on the 
"Optica" manual spectrophotometer* Isosbestic points however were not 
common for the anilines studied*
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W A V E L E N G T H  (MILLIMICRONS)
AMP! F metar-methoxy aniline C U RVE NO. SC A N  SPEED OPERATOR
Acid,Buffered and Base forms C O M C  4»2 x 10 molai SLIT nATF
RIGIN CFI 1 PATH 1° ““n REMARKS
OLVENT Water REFERENCE Water
AKT NO. 202-1511 PERKIN -  ELM ER LIM ITED
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For every aniline, except 3*5 dimethoxy aniline, the base form 
gave greatest absorbance and the protonated form least absorbance* In 
the case of 3*5 dimethoxy aniline the protonated form absorbed most and
readily calculated using one of the above expressions*
Because of the differing spectrum of the 3*5 dimethoxy aniline 
some doubt migjit be raised as to its authenticity. Fig 7-3 shows the 
infra-red spectrum of this compound as obtained in paraffin oil. 
Qualitatively this spectrum shows the following features:
(i) the compound was an aromatic amine*
(ii) it was a 1,3*5 trisubstituted aromatic compound
(iii) methoxy groups were present in an aromatic compound*
Further a N*M*R. spectrum also indicated nothing unusual about the 
compound*
In addition the melting point of the compound agreed with that 
quoted in the literature*
Finally the fact that the pKa values obtained were reasonable and 
the A H values obtained from them are completely additive when compared 
with the 3* “®®^koxy aniline value (to be discussed later) appears to 
confirm that the compound really was 5*5 dimethoxy aniline o
Table 7-1 lists various experimental details of the anilines





















sample 3 , 5  dimethoxy aniline SOLVENT SCAN SPEED OPERATORin paraffin oil CONC. SLIT DATE
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Column 2 refers to the method of purification, such as vacuum 
distillation, recrystallization from water and charcoal, or vacuum 
sublimation*
Column 3 gives the melting point or boiling point, as determined 
after purification for each aniline* Column 4 gives the melting point 
or boiling point available in the literature*
Columns 5 and 6 refer to the buffers used in determining the
acidity constants with the MBuffer Table No.” referring to Bates and 
l6Gary's Tables *
Column 7 refers to the wave length for maximum absorbance by 
the base form of the aniline, except in the case of 3*5 dimethoxy 
aniline where it refers to maximum absorbance by the acid form*
Column 8 defines the molality of aniline in the solution under 
study in the spectrophotometer*
CHAPTER 8 EXPERIMENTAL RESULTS
6S
The following Tables contain for the twenty five compounds 
studied the experimental results as measured and evaluated. The 
computer program used for the various calculations is given in 
Appendix I and supplies the following data.
(a) the raw experimental pKa^ (PKA EXPER) evaluated from the simple 
expression
pKa1 = p (aH Cl) - log [a ] / [aH+J 
11(b) the pKa after the application of the correction for the effect 
of the proton dissociation of each anilinium on the acidity 
function of the buffer (PKA IONIS CORE)
(c) the corrected pKa^^ = pKa*^ - 2 log X  values where the
2 log X  ‘term is calculated by the Davies equation (PKA DAVIES 
CORR). The pKa'^ values at each temperature are then extra­
polated to zero ionic strength by a least squares procedure 
(EXTRAPOLATION PROCEDURE).
(d) evaluation of the thermodynamic functions from the thermodynamic 
acidity constants (CLARKE AND GLEW EQUATIONS).
Examination of the correlation coefficients of the extrapolation
111plots referred to in (c) showed that the pKa values always varied 
with ionic strength in a precisely linear manner, that is the 
correlation coefficients were almost always approximately 0.9 or
greater •
It was also observed that the slope of the plots was always 6 9
independent of temperature. It was therefore assumed that the small 
observed variations in slope were due to random errors and the value 
of the average slope was calculated. The pKa111 values were then 
re-extrapolated to zero ionic strength using this average value of 
slope. The thermodynamic acidity constants then are given under 
pKa 1» 0, or M « 0, for the temperature range studied.
For a few compounds it was found that the variation in pKa111 
values with ionic strength was less than experimental error. For 
these cases an alternative segment of the computer program was used 
to average the pKa values at the different ionic strengths. The 
use of this procedure has been identified by "AVERAGING PROCEDURE" in 
place of "EXTRAPOLATION PROCEDURE".
For those measurements carried out in hydrochloric acid solutions 
instead of standard buffers the procedure was identical with (a), (b) 
and (c) above except that the Davies equation 2 log correction was 
omitted.
30The full Clarke and Glew procedure to five temperature-variables 
was used in step (d) and was applied to the thermodynamic acidity 
constants (pKa) of all twenty five anilines. For each compound the 
output showed:
(i) the thermodynamic functions calculated by each of the five Clarke 
and Glew equations
(ii) the residual sum of squares of the deviations, the variance and 
the standard error in pKa, calculated for each equation.
(iii) the standard errors in each thermodynamic function calculated 
from each equation
(iv) the results of a "variance - ratio F test” to calculate the 
statistical significance of each of the five equations*
(v) and finally the most significant of the five equations* It then 
calculated pKa values at each temperature in terms of that equation 
and compared the calculated values with the experimental thermo­
dynamic acidity constants*
The Experimental Results are given 








3. M -methosy 44 85
4. 11 -chloro if 92
5* 11 -bromo 1 0 0
6. w -iodo 14 1 0 7
7. n -nitro it 1 18
8. Para-methyl H 1 2 2
9. 11 -methozy 44 1 28
10. M -chloro 44 1 3 5
11 . w -bromo I 141
12. " -iodo 4« 1 4 7
13- M -nitro 44 1 53
14» ortho-methyl 44 1 58
15. M -methozy 44 1 64
1$. n -chloro 44 1 69
17. M -bromo 44 181
18. w -iodo ¥ 1 8 6
19. M —nitro 44 1 9 9
20. 3,5-di-methyl 44 2 04
21. w -methozy 44 2 08
.CMCM M -ohloro 44 2 1 5
23. h -bromo 44
99 9 C
O 9 G
24. M -iodo 44 f t  d  a
25. M -nitro 44
9 Q Au * < J  ~x
/  , y
A F I D I  FT U N  ION
DAV I E S EQUATION' G O R R E G T I ON
IODIC S DRE DOTH = 0 . OUI SOG
TEMP PKA PID* HCA
(e x f e r ) I O D I S OORR DAVIE- CORR
1 0 .0 5 .0 1 7 5 .035 1; .866
1 5 .0 i l .  933 1+.S50 I+.78O
20.0 1+. 81+3 1+.858 1+. 687
2 5 .0 1+.75U U .768 4 *59 5
3 0 *0 4 .6 6 4 4 *6 7 6 1+.502
35.0 1+.575 I+.586 4 * 4'1 0
40 • 0 4 *48 8 1+.1+97 l i . 320
1+5.0 4*401 4 • 409 l i .  230
50*0 1+.327 4 .3 3 4 1+.151+
IODIO S TRE D O T H = 0 .06 8 10 0
1 0 *0 5 .0 6 5 5 .0 7 7 1+.871
1 5 .0 1+.S77 1+.988 U. 781
2 0 * 0 1+.892 1+.902 U. 693
2 5 .0 I+.803 lx.81 2 1.602
3 0 .0 I+.715 A. 723 li.511
3 5 .0 I+.629 1+.636 li. li 2 2
1+0.0 I+.5I+S 1+.555 U. 339
1+5.0 I+.I+70 lx. 476 I+.258
5 0 *0 1+ .1+00 1+.1+05 U. 185
ANIL I FI UM ION
DAVIE S EQUATION CORRECTION
IO NIC STRENGTH = 0 .10 8 00 0
TEMP PKÁ EIA PKA
(axPER) io n i s  c e ra DAVjJâS OÜRR
1 OoO 5 .1 1 S 5 .1  24 4 .8 7 8
1 5 .0 5.01 3 5 .0 2 0 4 .7 7 3
2 0 .0 4 .9 2 3 4 .9 2 9 U» 68O
2 5 .0 4 .8 3 6 I4.8I42 4 .5 9 0
3 0 .0 4 .7 5 0 4 .7 5 5 4 .5 0 2
3 5 .0 L . 665 4 .6 7 0 I4 .^1 4
Uo*o 4 .5 8 0 i | # 58I4 4 .3 2 6
¿4-5« 0 4.5OO 4 .5 0 4 4 .2 4 3
5 0 .0 4 .4 1 8 I4.U2I 4 .1 5 8
IO N IC STRENGTH := 0 .158  000
1 0 .0 5 .151 5 .1 5 6 4 .8 7 4
1 5 .0 5 .0 5 6 5.061 4 .7 7 7
2 0 .0 4 .9 7 0 4 .9 7 5 L* 688
2 5 .0 4 .881 4 .8 8 5 4 .5 9 6
3 0 .0 4 .7 9 2 4 .7 9 6 4 .5 0 4
3 5 .0 4 .7 0 3 4 .7 0 7 4 .4 1 3
Uo.o Iw 61U 4 .6 1 7 4 .3 2 0








1 0 .0 ¿4 *866 0 .0 7 0 9 0 0 .7 1 5 6 7
1 5 .0 4 .7 8 2 -0 .0 4 1 5 5 -0 .5 8 2 7 0
2 0 *0 il- » 689 -0 .0 2 5 1 3 -0 .2 3 5 7 2
2 5 .0 4 .5 9 8 -0 .0 2 1 9 6 -O .2 42 55
3 0 .0 ¿4.506 -0 .0 1 2 S 0 -0 .1 5 3 8 2
3 5 .0 ¿+*2+1 6 -0 .0 1 4 8 4 -O .1 43 25
4 0 .0 4 .3 3 1 -0 .0 5 3 9 5 -0 .3 0 1  50
4 5 .0 4 .2 4 6 -0 .0 5 3 4 3 -0 .2 1 4 7 5
5 0 .0 4 .1 7 6 -0 .1 6 1 5 0 -0 .4 8 1 7 7
ANILINIUM ION
D A V I E S  E¡QUATION CORRECTION
AVERAGE SLOPE = - 0.03493
STD DEV = 0.6 0 3 3 E -01
TEMP EKA RIA PKA
1=0 . T=0 .0 4 1 8  I =0.0681
1 0 . 0 4 .876 5.035 5 • 077
1 5 . 0 4.781 4 . 9 5 0 4 .9 8 8
2 0 .0 4 . 6 9 0 ¿+0 898 4 . 902
25.0 4 . 5S9 4 . 7 6 8 4 .8 1 2
30.0 4 . 5 0 8 4 .  6 7Ö 4.723
35.0 4*41 8 4 . 5 8 6 4.636
4 0 . 0 4 . 3 3 0 4 .4 9 7 4.555
4 5 . 0 4 . 2 4 4 4.409 4.476
5 0 . 0 4.1 ¿4 4 .3 3 4 4.405
TEMP PKA
1 = 0 .1 0 8 0
PKA
1 = 0 .1 5 8 0
IO0O 5 .1 2 4 5 .1 5 6
1 5 .0 5 .0 2 0 5.061
2 0 .0 4 .9 2 9 4 .9 7 5
25 .O 4 .8 4 2 4 .8 8 5
3 0 .0 4 .7 5 5 4 .7 9 6
3 5 .0 4 .6 7 0 4 .7 0 7
4 0 .0 4 .5 8 4 4 .6 1 7
4 5 .0 4 .5 0 4 4 .5 3 2
5 0 .0 4 .421 4 »448
CLARKE AND G-LBW EQUATIONS
A N I L I N I U M  I O H
NO. VARIABLES 1 2 3
IELTA G 6265.8k 6271.96 6273.23DELTA H 7485.45 7381.21 7455.99IELTA S 4.09 3.72 3.97IELTA CP 0.0000 25.1875 33.7471DCP/DT 0.00000 0.00000 -1.91202D2CP/DT2 0.00000 0.00000 0.00000D3CP/DT3 0.00000 0*00000 0.00000
NO. VARIABLES. h .. . 5.____
IELTA 0 6274.06 6274.35IELTA H 7380.95 7389.82DELTA S 3.71 3.74DELTA CP 46.5639 52.4258DCP/DT 0.62933 -O.19631D2CP/DT2 -0.54704 -0.81958D30P/DT3 0.00000 0.05734
i\ Nili I FI UM I O F
C L A R K S  Aiil) GLSV/ S O U A T I O N S
S T A N D A R D ERRORS
NO.VARIABLES 1 . 2 3
DELTA G -2 .39U O -0 .8 3 7 4 -0 .5 5 6 7
DELTA H 5 6 .9 3 2 4 .6 7 3 0 .3 5
DELTA S O 0 I9 II 0 .0828 0.1 018
DELTA CP 0 .00 0 0 3 .5197 3 .7440
DOP/DT 0 .0 0 0 0 0 0 .00000 0 .65288
D20P/DT2 0 .00000 0 .00000 0 .00000









-0 .1 9 2 2
1 6 .0 7
0 .0539
2 .4499
0 .4 7 0 2 0
0.00000
0.00000
-0 .1 7 6 5  
16.21 
0.0544 
4 .9 7 2 7  
0 .75929 
0 .22174  
0 .04338
A NIL I U H M  ION
CLARKE AND SLEW EQUATIONS
EQUATION
NUMBER






1 0 .4 0 6 1 6 4 0 -0 2 0 .5802340-03 0 .5264333-02
2 0 .4 2 5 9 7 2 E -0 3 0 .7 0 9 9 5 3 0 -0 4 0.1 84144E-0 2
3 0 .1 5 6 8 7 7 0 -0 3 0 .313755B -04 0 .1 2 2 41 60 -02
k 0 .1 4 9 6 4 3 0 -0 4 0 .3741230 -05 0 .42 2 71 60 -03
5 0.94577Q S-05 0 .3152570 -05 0 .388038E -03
P TEST
EQUATION NUMBER 2 3 4 5
DEGS OP PRBBDOM 6 5 4 3
VALUE OP P RATIO 51 .2 10 8 .57 7 37 .932 1 .7 4 7
NO SIGNIFICANCE PERCENT 0.1 5 .0 0 .5 5 0 .0
NO. OP VARIABLES 2
TEMP sxpsR  p ia GALO PKA d e v ia t io n
283 .15 4 .8 7 6 4 .8 7 5 0.001
2 86 .1 5 4 .781 4 .7 8 5 -0 .0 0 4
293 .15 U.63O Ì4.69ÌI -0 .0 0 4
298 .15 4 .5 9 9 i-i-. 60l| -0 .0 0 4
3 0 3 .1 5 4 .5 0 8 4 .5 1 3 -0 .0 0 5
3 0 8 .1 5 Ù.U18 4 .4 2 2 -0 .0 0 3
3 1 3 .1 5 4 .3 3 0 4 .3 3 0 -0 .0 0 1
3 1 8 .1 5 4 .2 4 4 u* 239 0 .005
3 2 3 .1 5 4 .1 6 4 U .IÌ48 0 .016
IS TA -TULUi LJ UT1DI.1 I OF
DAVIES E Q U A T I O N  C O R R ECTION
IONIC STRENGTH = 0.041300
TEMP PKA PKA PKA
(EXESR) :i o f i s  c o r r DAVIES OORR
10.0 5.135 5.157 4.389
15.0 5.037 5.058 4.888
20.0 4.0118 4.967 4.796
2 5 .0 4.855 4.872 i.i.700
30.0 4 . 7 7 0 4 . 786 h9 6i 2
35.0 4 . 683 4.702 »4.527
Uo.o 4.603 4.622 4.444
45.0 4 . 5 3 0 4.541 U . 5 d 2
50.0 4 . 455 4.465 4.284
I  ONTO STRENGTH = 0.06  81 00
1 0 .0 5 .1 8 8 5.203 ¿4.93 7
1 5 .0 5 .0 9 2 5 .1  06 ¿4.899
2 0 .0 5.002 5.0 15 ¿4. 806
25*0 4.311 ¿-U923 ¿4.71 2
3 0 .0 4 .8 2 8 ¿4.839 } . 6263 5 .0 4 .7 3 8 ¿4.7¿47 II .53 4¿40.0 4 .6 5 7 ¿4.065 ¿4.449
4 5 .0 4 .5 8 0 ¿4.588 ; l0 7 0
50 .0 Li.  5 09 ¿4.516 4 .296
" il
META-TOLUID IN IÜ M  TOUT 
DAVIES EQUATION CORRECTION






10.0 . 5 . 240 5 .25O 5.0041 5 . 0 5.143 5 .15 2 4.90520.0 5.050 5.058 4.809
2 5 . 0 4.959 4.967 4 .7 15
3 0 . 0 U. 868 4.875 U.621
3 5 . 0 4.782 I4.788 4 .5 3 3I+O.o 4.699 4.705 h * k b 6
i+5.0 4.618 4.623 4 .36 3
5 0 . 0 4 .5 4 0 4.544 ¿4.281
META-TOLUIDINIUM ION
DAVIES E Q U A T I O N  C O R R E C T I O N
A V E R A G I N G  PROCEDUTiIjAVERAGE MEAN i= o 7 o 4 T £
PKA DEV PKA
1 C 4 . 9 9 7 0.005 4.989
15 4 . 897 0.006 4.888
20, U. 8OI4 0.005 4.796
25 4 . 7 0 9 0.006 4.700
30 4 .6 2 0 0.005 4 .6 12
35 4.531 0 .0 0 3 4.527
4 0 4.447 0.002
45 4.365 0 .0 0 3 4.362





10 4 .9 9 7 5.004
15 4.899 4 . 905
20 U • 806 4.809
25 4 . 712 4.715
30 626 4.621
35 4.534 4 . 533
40 4.449
45 4 . 3 7 0 4.363
50 4.296 U.281
ME TA-TOLUI PINI UM ION
CLARKE AND GLEW EQUATIONS
DO .VARIABLES 1 “  2
D E L T A  G 









0 .0 0 0 0  1 .8 6 0 5
0.00000  0.00000 
0.00000 0.00000 
0.00000 0.00000
DO .VARIABLES___4____________ ¿d e l t a  oí- d e l t a  H
DELTA S 
DELTA CP 
DCP / D T  
D2CP/DT2 
D 3 C P / D T 3
6425.14 
7450.37 
3 . U U  
1 0 .3728  
-0.17249 






- 1.0 0 5 6 2 












CLARKE A N D  G L S W  E Q U A T I O N S
STANDARD ERRORS
NO. V A R I A B L E S___ i ___________ 2_____________£DELTA G 
DELTA H  DELTA S 
DELTA G P  
DCF/DT 
D2CP/DT2 






















NO .VARIABLES U _______ £
D E L T A  G 
DELTA H 
DELTA S 
D E L T A  G P  
DCP/DT 
D2CP/DT2 













CLARKS AND GLEW EQUATIONS
E Q U A T I O N  RE SID SUM “SQS VARIANCE ~  ' STfTÜRRÜR





















F. T E S T
E Q U A T I O N  NUMBER 2 3 4 5
DEGS OP F R E E D O M 6 5 4 3
V A L U E  OP P RATIO 0*870 5.4 71 1 .1 4 3 0.372
NO SIGNIFICANCE PERCENT 50.0 10 .0 50.0 50.0
NO. OP V ARIABLES 1
TEMP E X P K R  PKA CALO PKA DEVIATION
283.15 4 . 9 9 7 4.998 -0* 002
288.15 4 . 897 4.899 -0. 001
293.15 i-j-o 804 4.802 0.001
298.15 4.709 4.709 0.000
303.15 4 .6 20 4.619 0. 001
308.15 4.531 4.531 - 0.000
313.15 4.447 4.447 - 0.000
318.15 4.365 4.365 - 0,000
323.15 4 . 287 ho 286 0.001
M E T A - M S T H O X Y A O T L I F I U M  I OIT 
DAVISS E Q U A T I O N  C O R R E C T I O N  




( 10 n i  s c o r r ) PKA ' RAVIES CORR
5.0 4 .7 1 5 4 .7 2 4 4.55710.0 4 . 618 4 .626 4.458
1 5 .0 4.530 ¿+.537 4.36820.0 4 . 4 4 3 4.449 4.278
2 5 .0 4. 359 4.365 4 .I92
30.0 4 .2 7 6 4.281 4.107
35.0 4 .19 6 4.200 4.025
4 0 .0 4.118 4.122 3.944
45.0 4 .0 3 7 4.040 7.861
5 0 o O 3 .9 6 2 3.965 3.784
IONIC S T R E N G T H  = O . O68IOO
5.0 4.743 4.749 4 * 5ù5
10.0 4 • 646 4.651 4.446
1 5 . 0 4 .5 5 7 4.662 4 .3 5 5
20.0 4.469 4.473 4.264
2 5 .0 4 . 3 8 6 4.390 4.179
30.0 4 .2 2 2 4-225 4 .0 11
I4.O.O 4 .1 4 3 4.145 3.929
4 5 .0 4.062 4 • 064 7.846
50 .0 3.990 ^ . Q 92 3.772
f »
ö 'O
ME TA—ME JHOXYANIL INI UM IOH
DAVIBS EQUATION CORRECTION
I O N I C  STRENGTH = 0.108000
T E M P PKA





5 .0 4 . 7 7 4 4.778 4.535
1 0 .0 4.678 ¿4.681 i4.i4.36
1 5 .0 4 .59O 4 .5 9 3 4.346
20.0 4 .50 6 4.509 4.259
2 5 .0 4.422 4 .4 24 4.173
30 .0 4 . 3 3 8 4.340 ¿4.086
3 5 .0 4.256 4 .258 4 .0 0 2
40.0 4.180 4.182 3.9 23
4 5 .0 4 . 1 0 0 4.101 3.841
5O 0O 4.028 4.029 3.766
E X T R A P O L A T I O N  PROCEDURE 
T H B R M O D Y N A M I C  p k a s





















- 0 . 3 3 5 9 4  -0.98927
-0.32026 -0 . 9 8 5 5 7
-0.31 8 5 7  -0.97600
-0.27181 -0.92932
-0.27779 -0.95129
- 0.29 792 -0.963/4
- O .3 3 12O -0.96828
-0.30 4 4 7  -0.93418
-0.29477 - O .92291
-0.26148 -0.94344
MBTA-METHOXYANILIEIUM ION
D A V I E S  E Q U A T I O N  CORRECTION
AVERAGE SLOPE = 0.301U2 







5 .0 l4. 5 6 8 k.72h ¿1.71+9
10.0 ¿+.¿+69 ¿4*626 ¿1.651
1 5 .0 ¿1.378 ¿1.537 ¿1.562
20 .0 ¿1.289 ¿+.¿11+9 ¿+.¿+73
2 5 .0 ¿1.203 ¿1.365 ¿1.390
30.0 ¿4.118 ¿1.281 ¿1.306
3 5 .0 ¿1.035 ¿1.200 ¿1.225
uo.o 3.951+ ¿1.122 ¿+.11+5
¿15.0 3.871 ¿1.01+0 14.06I4
5 0 . 0 3-796 3.965 3.992
TEMP PKA
1= 0 . 1 0 8 0
5 . 0  ¿1.778
10.0 1+.-681
15.0 ¿1.&93
2 0 . 0  ¿1.509
2 5 .0  ¿+.¿+21+
3 0 . 0  ¿1.31+0
35.0 U.258
¿+0.0  ¿1.182
U 5 .0  4 .10 1
5 0 . 0  ¿1.029
MBTA-MBTHOXYANILIFIUM ION
CLARKS AMD GLEW EQUATIONS
NO. V A RIABLES 1 2 ' 3
D E L T A  G 5728.68 5732.96 5732.6 6
D E L T A  H 7034.42 7 0 16 .4 7 6964.27
DELTA S 4 . 3 9 4 .3 0 4 .1 3
DELTA C P 0*0000 12 /6 4 4 2 1 1 .0 2 7 6
d c p / d t 0.00000 0.00000 0.88022
D 2 C P / D T 2 0.00000 0.00000 0.00000
D3CP/DT3 0.00000 0.00000 0.00000
NO .VARIABLES________ 4  5
D E L T A  G  
D E L T A  H  
D E L T A  S 
D E L T A  C P  
D C P / D T  
D 2 C P / D T 2  





1.6 0 2 19  1 .16 7 0 2
-0.35354 -O.385IO
0.00000 0.01454
MB TA-ME THOXYANILINIUM ION
GLARKE AMD GLEW EQUATIONS
E Q U A T I O N  R E S I D  SUM SQS 
NUMBER R I N K
VARIANCE 
R L N  K
ST D  ERROR 
PKA
1 0.205727E-02 0.257158E-03 0.350463E-022 0.43106 2 E - 0 3 0.615803E-04 0.171499E-02
3 0.3031443-03 O.5O5239E-04 0.155343E-02k 0.131341E-03 0.262683E-Ó4 0.1 1 2 0 1 0E-02
5 0.129967E-03 0.3 2 4 9 1 8E-04 0.124574E-02
F. TEST
E Q U A T I O N  N U M B E R  2 3
DEGS OF F R E E D O M  7 6
VALUE OF E  R A T I O  26.408 2.532




1 0 .0  5 0 .0
META-METHOXVANILINIUM IuN
r-
CLARKE A N D  G L E W  E Q U A T I O N S
S T A N D A R D  E R R O R S
N O ."VARI A B L E  S 1 g  5
D E L T A  a -1.5119 -0.7399 -0.6702
D E L T A  H 31 .76 1 5 . 9 3 35.84
DELTA S 0.10 6 6 0.0535 0 .12 0 2
DELTA G P 0.0000 2.4605 2.449 4D C P / D T 0.00000 0.0 0 0 0 0 0 .55319D 2 C P / D T 2 0.00000 0.0 0 0 0 0 O o 00000
D 3 C P / D T 3 0.00000 0.00000 0 . 00000
NO. V A R I A B L E S 5.......
DEL T A  G -0.4832 -0 .5 374
D E L T A  H 27.98 5 2 .0 3
D E L T A  S 0.0939 0 .17 4 5
D E L T A  G P 5.8858 8.0020
D C P / D T 0.48867 2.18482
D 2 C P / D T 2 0.13824 0.21723
D 3 0 P / D T 3 0.00000 0.07069
META—MBTHOXYANILINIÜM ion 
CLARKS AND SLEW B QUATIONS
NO. OF VARIABLES 2
TEMP EXPSR PKA CALC PKA EBVIATION
278.15 4.568 4.557 0.010283.15 4.469 4.467 0.001288.15 4.378 4.379 -0.001293.15 4.289 4.291 -0.002298.15 4.203 4.205 -0.002303.15 4.118 4.121 -0.003308.15 4.035 4.037 -0.003313.15 3.954 3.955 -0.001318.15 3.871 3.874 -0.002323.15 3.796 3.793 0.002
M E T A - C H L O R O A H I L I N I U M  ION 
D A V I E S  E Q U A T I O N  C O R R E C T I O N







5 .0 5 .948 3 .966 3 .843
1 0 .0 3 .8 6 0 3 .876 3 .843
1 5 .0 3 .782 3 .7 9 7 3 .672
2 0 .0 3 .704 3 .7 1 7 3 .592
2 5 .0 3 .632 3 .6 4 4 3 .518
3 0 .0 3 .5 5 4 3 .565 3 .437
3 5 .0 3 .4 8 3 3 .493 3 .3 6 4
4 0 .0 3 .4 1 4 3 .4 2 3 3 .293
4 5 .0 3 .3 4 4 3 .3 5 2 3.221
5 0 . 0 3 .277 3 .2 8 4 3 . 1 5 2
IONIC STRENGTH a 0 . 0 4 0 1 9 0
5 .0 3 .975 3 .9 8 4 3 .8 2 0
1 0 .0 3.891 3 .9 0 0 3 .734
1 5 .0 3 .8 1 0 3 .818 3.651
2 0 .0 3 .734 3.741 3 .573
2 5 .0 3.659 3«666 3 .4 9 6
3 0 .0 3 .5 8 5 3 . 5 9 1 3.420
3 5 .0 3 .512 3 .517 3 .345
4 o . 0 3 .444 3 .449 3 .2 7 4
4 5 .0 3 .3 7 4 3 .3 7 8 3 .202
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MBTA-CHLOROANILINITTW i  oit
DAVIES EQUATION CORRECTION 
EXTRAPOLATION PROCEDURE
th e r m o d y n a m ic  peías
TEMP PKA SLOPE
5 .0 3 .8 4 7 -0.4Ö Ö 65 -0 .9 4 5 4 0
1 0 .0 3 .7 5 8 -0 .4 6 0 7 3 -0 .9 6 7 9 2
1 5 .0 3 .6 7 7 -0 .4 7 1 7 4 -0 .9 5 4 7 0
2 0 .0 3 .5 9 5 -0 .1 0 3 -0 .9 4 9 9 5
2 5 .0 3 .5 2 2 -0 .5 0 3 7 3 -0 .9 5 5 3 9
3 0 .0 3 .4 4 4 -0.J48971 -0 .9 8 0 5 5
3 5 .0 3 .3 6 9 -0 .4 5 6 5 6 -0 .9 6 2 3 4
4 0 .0 3 .2 9 9 -0.1+9536 -0 .9 7 6 0 7
4 5 .0 3 .2 2 7 —O.U6966 -0 .9 7 28 1
5 0 .0 3 .1 5 9 -0 .5 0 9 5 8 -0 .9 8 4 1 6
META-GHLOROAfflLIFIUM ION
DAVIS S E Q U A T I O N  CORRECTION
AVERAGE SLOPE = 0.47792 
ST D  DEV = 0.23723-01
TEMP ~  H Ü  PKA FK Ä
1=0 1=0.0202 1=0.0402
5 . 0 3.846 3 o 966 3.984
1 0 . 0 3.758 3 .3 7 6 3.900
15.0 3 . 6 7 7 3 .7 9 7 3.318
20.0 3.598 3 .7 1 7 3.741
2 5 .0 3.521 3.644 3 • 666
3 0 . 0 3.443 3.565 3 .5 9 1
35.0 3 . 3 7 0 3.493 3 .5 1 7
4 0 . 0 3.298 3.423 3.449
45.0 3 .227 3.352 3.378
5 0 .0 3.157 3.284 3 .3 1 2
TEMP PKA PKA
1 = 0.0602 1 =0.1002
5 .0 4 .0 10 4 .0 37
1 0 . 0 3 .9 2 4 3.9 52
1 5 . 0 3.846 3.871
20.0 3.765 3.79 7
2 5 .O 3.690 3 .7 19
3 0 .0 3 © 6 16 3.643
3 5 .0 3.54 5 3.573
4 0 .0 3 .4 7 3 3.50 2 .
4 5 .0 3.406 3.434
5 0 .0 3 .3 3 7 3.365
MBTA-OHLOROANILINIUM IOU
CLARKE A U D  G-LEW E Q U A T I O N S
NO. V A R I A B L E S 1 2 3
D E L T A  G ¿4-798.58 ¿4801.95 ¿4801.7 1
D E L T A  H 6279.32 6 265.21 6225.08
D E LTA S ¿4.97 ¿4.91 ¿4.77
DELTA CP 0.0 0 0 0 9.9362 8.6932
DCP / D T 0 . 0 0 0 0 0 0.00000 0.67681
D 2/CP/DT2 0.0 0 0 0 0 0.00000 0.00000
D 3 C P / D T 3 0.00000 0.00000 0.00000
NO. V A R I A B L E S k 5 .... . .
DELTA G I48O 2 .I3 ¿4802.51
D E L T A  H 6216.73 6269.36
D E L T A  8 ¿4.7¿4 ¿4.92
D E L T A  O P I3 .O585 18 .8 6 7 1
D C P / D T O.8963O - 1 .77Í4248
D2 C P / D T 2 -0.107¡48 -0 .3 0 117
D 3 C P / D T 3 0 . 0 0 0 0 0 0.08922
ME TA—GHLQROAK IL I NT UM ION
CLARKE A M D  S L E W  E Q U A T I O N S 
S T A N D A R D  E R O R S
NO. V A R I A B L E S 1 2 3
DSL TA G- -1.1435 — O.i-i-681 -0.3790
DELTA H 24.02 10.08 20.26
DELTA S 0.0807 0.0338 0.0680
DELTA GP 0.0 0 0 0 1.5568 1.3851
d c p / d t 0.0 0 0 0 0 0.00000 0.31281
D2CP/DT2 0 1 00000 0.00000 0.00000
D3CP/DT3 0.00000 0.00000 0.00000
DO. V A R I A B L E S h . 5 _
DELTA G - 0.3796 - 0 .2 5 5 2
DELTA H 2 1 .9 8 24 .70
DELTA S 0 .0 737 0.0829
D E L T A  CP 4 .6 238 3.7993
D C P / D T 0.38389 1 .03735
D2CP/DT2 0.10860 0 .10 3 14
D3CP/DT3 0 . 00000 O.O3356
MB TA -Q HL OR 0 A NIL IN11M ION
CLARKE AlID G-LEW E Q U A T I O N S
E Q U A T I O N R E S I D  SUM SQS VARIANCE S T D  E R HÖR
N U M B E R r  l n  k R  LIT K PKA
1 0 .117 6 7 9 E -0 2 0.11+7099B-03 0.26506IS -0 2
2 0.17 2 5 6 3E -0 3 0.21+6519E-01+ 0.108509E -0 2
3 0.969338E - 01+ 0.1 615563-01+ 0.8781+23E -0 3
k 0.8 1 O5I+8E-OI+ 0.1 6211 0E-01+ 0.879926E -0 3
5 0.292988E-01+ 0.7321+7 1E -0 5 0.5911+763-03
F  T E S T
E Q U A T I O N  NUMBER 2 3 1+ 5
DECS OP F R E E D O M 7 6 5 1+
V A L U E  OP P RATIO 1+0.736 L*681 0.980 7.066
NO SI G N I F I C A N C E  PERCENT' 0.1 10,0 50 .0 10 .0
MSTA-CHLOROANILINIUM ION
CLARKE A N D  G-LEW E Q U A T I O N S
NO. OP V A R I A B L E S  2
TEMP E X F E R  RÍA CALC HÍA D E VIATION
2 7 8 .15 3 .8Z16 3.81+2 0.001+
283.15 3.758 3.760 - 0*002
288.15 3.677 3.679 - 0.002
2 9 3 .1 5 3.598 3.600 -0.002
298.15 3.521 3.522 -0.001
3 0 3 .15 3 .kh3 3 . W j6 -0.003
3 0 8 . 15 3 .3 7 0 3.371 -0.001
3 1 3 .1 5 3.298 3.297 0.001
318. 1 5 3.227 3.225 0.002
3 2 3 .1 5 3 . 1 5 7 3 . 1 5U 0.003
I O N I C  S T R E N G T H  =  0 . 0 2 0 1 70
MBTA-BROMOANILIMUH ION
DAVIES EQUATION COP-RUCTION
T E M P  P K A  PKA
____________(EXPER) IONIS G O R E
5.0
10.0
1 5 . 0
2 0 .0  
2 5 .0  
3 0 .0
3 5 . 0
40.0









3 . 4 1 7
3.348
3.285








3 . 3 5 4
3 .2 9 1
I O N I C  STRENGTH = 0.040190
5 .0 3 . 978 3.985
1 0 .0 3.894 3 .9OI
1 5 .0 3.812 3 .8 18
2 0 .0 3.734 3.74 0
2 5 .O 3 .6 6 2 3.667
3O.O 3.585 ■^.590
35.0 3 .5 1 5 3 .5 19
4 0 .0 3-446 3.450
4 5 .O 3.376 3.379























m g > iB R O K O A N I L I N I U M &oM
D A VIES E Q U A T I O N  C O R R E C T I O N
IONIC S T R E N G T H  s 0. 060200
TEMP PKA ' IpK a  ‘ FKA
(EXPERÌ IONIS C O R R DAVIES CORR
5.0 4 . 0 0 5 4 .0 10 3.816
10,0 3.920 3.925 3.7291 5 . 0 3.843 3.847 3 .65Î20.0 3 . 7 6 3 3.767 3.56825 «O 3.687 3.6 9 1 3 .49O
30.0 3.613 3.616 3 .4 143 5 . 0 3.543 3.546 3.342
4 0 . 0 3 . 472 3.475 3.269
4 5 . 0 3.404 3 . 406 3.19950.0 3.336 3.338 3.129
E X T R A P O L A T I O N  PROCEDURE 
T H E R M O D Y N A M I C  P E A S
T E M P PKA SLOPE
5 .0 3.8 56 - O .7O9O 7 -0.93451
1 0 .0 3.762 -0.57779 - 0.96206
1 5 .0 3 . 6 8 0 -0.54839 - O .88320
20.0 3 . 6 0 0 -0.57366 -0.9 1988
2 5 .0 3 .529 -0.67436 -0.96479
30 .0 3 . 448 -0.59967 -0.93646
3 5 .0 3 . 3 7 5 -0.57473 -0.94050
40.0 3 .3 0 5 -0.63097 -0.96286
4 5 .0 3.233 -0.61040 -0.94138
50 .0 3.171 -0.74420 -0.95456
MSTA-BROMOANILINIUM ION
DAVIES E Q U A T I O N  C O R R E C T I O N
AVERAGE SLOPE = 0.62432 
STD D E V  = 0.6I+86E-01
TEMP PKA





5 .0 3.852 3 . 9 6 7 3.985
10o0 3.764 3.876 3.901
1 5 .0 3.683 3.797 3.818
20*0 3.602 3.717 3.740
2 5 .0 3 . 5 2 7 3 . 644 3.667
3 0 .0 3.449 3.566 3.590
3 5 .0 3 . 3 7 7 3.494 3.519
4 0 .0 3.305 3.424 3.450
4 5 .0 3 .234 3.354 3.379
5 0 .0 3.166 3.291 3.313
T E M P  PKA






















GLARKE AND GLBW EQUATIONS
NO. V A R I A B L E S  1 2 3
D E L T A  G  
DELTA H  
DELTA S 
D E L T A  G P
d g f / d t
D 2 G P / D T 2
D 3 C P / D T 3
480 7 . 0 2
6 2 5 9 . 6 0



















NO. V A R I A B L E S  ~T T  8
D E L T A  G  4809.75 4809.93 
D E L T A  H  6201.91 6 2 2 6 . 8 4  
D E L T A  S 4.67 4.75 
EELTA C P  1 2 . 5 6 8 7  15.3196 
D C P / D T  0.93762 -0.32723 
D 2 C P / D T 2  -0.17106 -0.26279 
D 3 C P / D T 3  0.00000 0.04225
104
HE IA-B R 0 H 0 A  MILINIUM ION 
CLARKE A N D  G L E W  E Q U A T I O N S
E Q U A T I O N  R E S I D  SUM SQS V A R  IA DOE STD ERROR
MJMEER R  L N  K R  L N K HCA
1 . 0 .686698E -0 3 0.858373E-04 0 .202479s -0 2
2 . 0 .229893E -0 3 0.3 2 8 4 18E-04 0.1 25244E -0 2
3. 0.1 72754E -0 3 0.287924E-04 0.1 17268S -0 2
k. 0.13 2 5 3 1E -0 3 0.265063E-04 0.1 1 2 5 1 7 3 -0 2
5. 0 .1 20923E -0 3 0.302309E-04 0.1 201 62E-02
P. TEST
E Q U A T I O N  N U M B E R  2 
B B O S  OP P R E E D O M  7 
V A L U E  OP P R A T I O  13.909 




2 5 .0  50.0 50.0
MB TA-BRQMOANILINIIIM ION
C L A R K E  A M D  G L E W  E Q U A T I O N S
S T A N D A R D  E R R O R S
N O . V A R I A B L E S 1 2 3 ' '
D E L T A  G - O .6735 -0.51+03 -0.5059D E L T A  H 18.35 1 1 .6 3 27.05D E L T A  S 0 .0616 O.O39I 0.0908D E L T A  OP 0.0000 1.79 6 9 1.81+90
d c p / d t 0.00000 0.00000 0.1+1760
D2CP/DT2 0.00000 0.00000 0.00000
D3CP/DT3 0.00000 0.00000 0.00000
NO.VARIABLES 1+ 5
D E L T A  G -0.1+851+ -0.5181+
DELTA H 28.11 50.18
DELTA S 0.091+3 0.1683
DELTA C P 5.9121+ 7.7186
d c p / d t O.i+9088 2 .10 7I+3
D 2 C P / D T 2 0.13887 O .2095I+
D 3 C P / D T 3 0.00000 0.06819
106
M E T A - B R O M O A N I L  UTE UM IQF 
C L A R KE A M D  S L E W  E Q UATIONS
NO. OP V A R I A B L E S  2.
TE M P  S X P B R  FKA OALC E¿A D E V I A T I O N
2 7 8 .1 5 3.852 3.847 0,,005
283.15 3-764 3.765 -0,► 000
28 8.1 5 3.683 7i.684 ► 000
2 9 3 .15 3.602 3.605 -0.,003
298.15 3.527 3.527 ,001
3 0 3 .15 3.U49 3.452 ,003
308.15 3 . 377 3.377 -0,,001
3 1 3 .1 5 3.30 5 3.305 -0.,000
318.15 3.232+ 3.233 0«,000
3 2 3 .1 5 3.166 3.164 0,,002
MB TA-I0D0AN1LINIUM IONDAVIES E Q U A T I O N  C O R R E C T I O N
IO N IC STRENGTH = 0. 020170
I E M P FKA W K  ~ EKA
(BXPSR) IO N IS  CORR DAVIES CORR
5.0 U.006 4.023 3.901
1 0 * 0 3 . 9 3 0 3-946 3.823
1 5 .0 3.848 3.8 6 3 3.739
20.0 3 . 7 7 0 3.784 3.658
2 5 ,0 3.691 3.703 3.577
30 .0 3.619 3.630 3.503
3 5 .0 3.545 3.555 3 . 427
40.0 3 . 472 3.481 3.351
4 5 .0 3 .412 3.420 3.289
50 .0 3.352 3.359 3.227
IO N IC STRENGTH = 0. 040 1 9 0
5 .0 4 .0 3 1 In OUO 3.876
10.0 3 .9 5 2 3.961 3.795
1 5 .0 3 .8 7 3 3.881 3.714
2 0 . 0 3 .7 9 4 3.801 3 . 633
25«0 3 .7 1 7 3 . 724 3.554
3 0 . 0 3.645 3.651 3.480
3 5 .0 3 . 570 3.575 3.403
4 0 .0 3 . 504 3.509 3.335
4 5 . 0 3.438 3 *lili.2 3 .2 6 7
50 .0 3.375 3.379 3.201
HETA-IODOANILINIUM ION
D A V I E S  E Q U A T I O N  C O R R E C T I O N
I O N I C  STRENGTH = 0.060200






5*0 4.059 4.065 3.872
10*0 3 . 9 7 7 3.983 3.788
15.0 3.897 3.903 3.706
20*0 3 . 8 2 0 3.825 3.626
2 5 . 0 3.743 3.748 3.547
30.0 3.669 3.673 3.471
3 5 . 0 3 .597 3.601 3.397
I+O.o 3.530 3.533 3.328
4 5 . 0 3 .463 3.ll66 3.259
50.0 3.398 3.401 3.191
IONIC STREN G T H  = 0 .100210
5.0 4 . 0 8 7 4.091 3.854
1 0 . 0 4 . 0 0 4 4.008 3.769
15.0 3.925 7.928 3.688
20.0 3.845 3.848 3.606
2 5 .0 3.770 3.773 3.528
30.0 3.695 3.698 3.451
35.0 3.623 3.625 3.377
U O . O 3.556 3.558 3.307
4 5 . 0 3.489 3.491 3 .23 8
50.0 3.423 3.425 3.169
fJiiTA-lODÜAKILINIUM lOU
DAVT3S BQ,UA TI OU CORRECTION
S XTEA POL A TI OIT PROCS DURS 
T H E R M O DYNAMIC PKAS
TEMP FKA SLOPS
5.0 3.905 - O .53299 -0.9472510.0 3.828 - O .6I969 -0.95144
1 5 o 0 3.744 - O .58919 -O.96I41
2 0 ,0 3.6 6 5 -0 .6 115 1 - O .96598
2 5 .0 3 . 5 8 3 -0.56645 -0.96760
3 0 .0 3*510 -0.6 1093 -0,9753-5
35.0 3 .4 3 3 - O .57894 -0.96777
4 0 .0 3 .3 5 9 -0.52853 -0.99024
45.0 3.297' - O .6O 863 -0.97711
50.0 3.235 -0.68785 -0.97502
D A V I E S  E Q U A T I O N  O O R R E O T I O N
MBTA-IODOAMLINIUM ION
A V E R A G E  SLOPE =  -0.59347 
S T D  D B V  = O J 463OE-OI






5 .0 3.908 4.023 I4.OUO
10.0 3 .826 3 • 9 MS 3.961
1 5 .0 3.744 3.863 3.881
20.0 3 . 66U 3.784 3.801
2 5 .O 3.584 3 .7O3 3.724
30.0 3.509 3.630 3.651
3 5 .0 3.434 3.555 3.575
4 0 .0 3.363 3.481 3.309
45.0 3 .29 6 3.Û20 3.442





5.0 4 .O65 4.091
10.0 3.983 4.008
1 5 .0 3.903 3.928
20.0 3.825 3.848
2 5 .O 3.74-8 3.773
3 0 . 0 3.673 3.698
3 5 . 0 3.601 3.625
¿4-0*0 3.533 3.558
4 5 .0 3 » ¿4-66 3.491
5 0 .0 3.4 0 1 ^.¿4-25
h e t a -i o d o a n i l i n i ü u  i o n
O L A R K E  A N D  GLB\7 E Q U A T I O N S
N O . V A R I A B L E S 1 2 ' 3
DELTA G 4888.71 4890.11 U 890.66D E L T A  ÏÏ 6236.78 6230.91 6 325.57DELTA S 4.52 4 .5 0 4.81
DELTA GP 00.0000 4 .13 5 9 7.0679
DCP / D T 0.00000 0.00000 -1.59643D20P/DT2 0. 0 0 0 0 0 0.00000 0.00000
D3CP/DT3 0.00000 0.00000 0.00000
NO. V A R I A B L E S  U___________  5
DELTA G  
DELTA H 
D E L T A  S 
D E L T A  CP 
















H E T A - I O D O A N I L I N I U M  ION  
CLARICE A N D  S L E W  E Q U A T I O N S
E Q U A T I O N  RE SID SUM SQS V A R I A ^ --------" :PD 'ERR'Sr
NUMBER R  L N  K _____________R  I N  K  ' PKA_____
1 . 0 . 6 3 6 4 8 1 E - 0 3
2 . 0 . 4 6 2 4 9 2 3 - 0 3
3. 0.1+17 1 08E-OJ+
4. 0.3051I+1E-0Ì+











P. T E S T
E Q U A T I O N  N U M B E R  2 3
D E G S  OP F R E E D O M  7 6
V A L U E  OP RATIO 2.633 60.528










O L A R K E  A N D  G L S W  E Q U A T I O N S
S T A N D A R D  ERR O R S
N O . V A R I A B L E S  . 1 2  T
DELTA G  
DELTA H  
DELTA S 
DELTA O P  
DCP / D T  
D 2 C P / D T 2  
D 3 0 P / D T 3
-0.8410













- 0 .24 8 6  
1 3 .2 9  
0.0446 




N O .VARIABLE S 4 ______ _____ ^
DELTA G - O .2329 -0.2952
D E L T A  H 13.49 2 4 .7 1
D E L T A  S O .0452 0.0829
DELTA GP 2 .837O 3.8001
D C P / D T 0.23554 1.03756
D 2 C P / D T 2 O .06663 O.IO316
D3 C P / D T 3 0.00000 0.03357
ME T A - 1 0 DO A NIL Ilí I UM I OIT
114
G L A R E S  A M D  SL E W  E Q U A T I O N S
NO. OF V A R I A B L E S  3
T E M P E X E E R  FKA CALC HCA b b t h t t o i
2 7 8 .1 5 3.908 3.908 0.001
283.15 3 .8 2 6 3.8 26 0.001
288.15 3.7244 3.74 4 0.001
293.15 3 . 6 6 4 3.6 63 0.001
298.15 3 * 584 3 . 584 0.000
3 0 3 .15 3.50 9 3 .5 0 7 0.002
3 0 8 . 1 5 3 . 434 3.433 0.000
3 1 3 . 1 5 3.363 3.363 - 0 . 0 0 0
3 1 8 . 1 5 3 .296 3.296 -0.001
3 2 3 .1 5 3 .2 3 0 3.234 -0.004
DAV1 ,S E Q U A T I O N  CORRECTION 
M O L A L I T Y  OP PHOSPHATE = 0 . 0 2 6 0 0 0
m e t a -n i t r o a n i l i f i u m  i o n
TEMP K£A
(EXPER)
P L A  PLA 
IGNIS CDRR DAVIES OORR
5 . 0 2.9 0 2 2 .9 12 2.756
10*0 2.833 2.843 2.686
1 5 .0 2.763 2.773 2 .6 15
20 .0 2.698 2.707 2.548
2 5 .0 2.6 38 2.647 2.487
3 0 .0 2 . 578 2.587 2.4 26
35.0 2 . 517 2 .5 26 2.364
4 0 . 0 2.463 2.471 2.308
4 5 . 0 2.411 2.419 2.25 55 0 . 0 2.359 2.367 2.201
55.0 2.306 2.313 2.147
60.0 2.255 2.260 2.092
M O L A L I T Y OP PHOSPHATE = 0.030100
5.0 2.918 2.927 2 .7 6 2
1 0.0 2.850 2.859 2.693
15.0 2 . 7 8 0 2.789 2.622
20. 0 2.717 2 .7 2 6 2.557
2 5 . 0 2.638 2.667 2 .4 9 7
3 0 . 0 2.598 2 .606 2.436
35.0 2.538 2.546 2 .3 7 5
4 0 . 0 2.U8ii 2.492 2 .3 19
4 5 . 0 2 .4 3 2 2.i4l|.Q 2.266
50.0 2 .3 7 8 2.385 2 .2 1 0
5 5 . 0 2 .3 2 5 2.332 2 .1 5 6
6 0 . 0 2 .2 7 2 2.279 2 .10 1
H ETA-FITRO AH ILIFIÜM  ION
DAVIES E Q U A T I O N  C O R R E C T ION






d a v i s s com
5 . 0 2.941 2.949 2 .7 6 71 0 . 0 2.872 2.880 2.6 9 71 5 . 0 2.802 2.81 0 2.626
20.0 2.742 2.750 2.5 6 5
2 5 .0 2. ÇB2 2.689 2.5 0 4
30 .0 2 .6 2 3 2.630 2.4433 5 . 0 2.56 3 2.570 2.382
Uo.o 2 .5 0 7 2.514 2 .3 2 54 5 . 0 2 .4 5 5 2.462 2.271
5 0 .0 2.1*01 2.408 2 .2 16
5 5 . 0 2.348 2.354 2 .16 1
60.0 2 .2 9 6 2.3 0 2 2 .10 7
M O L A L I T Y  (DP P K O S P l[ATE = 0 . 0 4 6 8 4 0
5.0 2.965 2.972 2 .7 7 7
1 0 . 0 2.894 2 o901 2 .7 0 4
15.0 2.826 2.833 2.635
20.0 2.764 2.771 2 .5 7 2
2 5 . 0 2.70 4 2 .7 1 1 2 .5 1 1
3 0 . 0 2.647 2.654 2.4 5 2
35.0 2.587 2.593 2.391
4 0 . 0 2.530 2.536 2 .3 3 2
4 5 . 0 2.477 2.483 2 .2 7 8
50.0 2.425 2 .4 3 1 2 .2 2 4
5 5 . 0 2.373 2.379 2 .1 7 0
6 0 . 0 2.317 2.323 2.113
ME TA-NITROANIL INTUÌ' IONDAVIES EQUATION CORRECTION
EXTRAPOLATION PROCEDURE THERMODYNAMIC PKAS
TEMP PKA . . SLOPE
5.0 2 . 728 0.79237 0.9929110.0 2.663 0.69233 0.98286
1 5 .0 2.589 0.76093 0.981)1+5
20.0 2.519 0.89395 O.9795I+
25 oO 2.1+59 O .875I+O 0.969773 0 . 0 2.393 O.9967I+ 0.98202
3 5 . 0 2.331 1 .03305 0.97536
1+ 0 .0 2.280 0.89519 O.96Ikk
1+5.0 2.229 O .85057 O.95I+7I
5 0 .0 2.171+ 0.86123 0.97875
55.0 2.119 0.89086 0.97879
60.0 2.068 0.7901+6 0.961+77
META—NITROAIJILIWITTM ION
DAVIES E Q U A T I O N C O R R E C T I O N
A VERAGE S L O P E  = 0.86109 
ST D  DEV = 0 . 9 5 1 7E-01
TEMP PKA PKA PKA
M= 0 Msso.0260 11= 0.0301
5-0 2 .7 2 5 2 .9 12 2.927
10,0 2 .6 5 5 2.843 2.859
1 5 .0 2 .5 8 4 2.773 2.78920*0 2 .5 2 0 2 . 7 0 7 2.726
2 5 .0 2 . 4 6 0 2.647 2.667
3 0 .0 2 . 400 2.587 2.606
3 5 .0 2 . 3 3 9 2.526 2.546
4 0 .0 2 .2 8 2 2.471 2.492
¿4-5 * 0 2.229 2.419 2.440
5 0 .0 2 . 174 2.367 2.385
5 5 .0 2.1 20 2.313 2.332
6 0 .0 2.0 6 5 2.260 2.279
T E M P  PK A  PKA




















2 . 5 1 4
2.462
2 .4 0 8
2 . 3 5 4














C L A R K E  A N D G L E W  E Q U A T I O N S
m. v a r i a b l e ; s 1 2 5
D E L T A  G 3 3 5 4 . 0 7 3355.33 3353.8 5
D E L T A  h 5049.32 5030.75 4 9 70 .11
D E L T A  S 5.69 5 .6 2 5 .4 2
LEJIO? A  C P 0.0000 3.1181 - 2.79 50
l c p / d t 0*00000 0.00000 0.90443D 2 G P / D T 2 0.00000 0.00000 0.00000
D 3 G P / D T 3 0.00000 0.00000 0.00000
NO. V A R I A B L E S 4 5
DEJLTA G 3 3 5 3 . 6 4 3354.37
D E L T A  H 4985.97 4998.81
DELTA S 5 . 4 7 5.52
DELTA C P - 4 . 5 4 2 2 3.5905
D C P / D T 0.59947 -0.10085
D2 G P / D T 2 0.04471 - 0 .16 7 2 1
D3 C P / D T 3 0.00000 O.O3O3O
MBTA-DT.TROANILIBIUM ION 
QLARKE A D D  G L E W  E Q U A T I O N S
S T A N D A R D  E R R O R S
W r y M i A B i M a l
D E L T A  G 
D E L T A  H  
D E L T A  S
D E L T A  O P  
D C P / D T  

























ITO. V A R I A B L E S  U___ “______ 5.........
D E L T A  G  
DELTA H  
D E L T A  S 
D E L T A  O P  
DCP/DT 
D 2 0 P / D T 2  
D 3 C P / D T 3
-0.5316
33.08
0 .11 1 0
3 .502+8
0.5532+0
0 .0 7 19 2
0.00000
-0 .5 16 7
33 .9 2  
0 .1 1 3 8  
7.62+96 
0.79819




G L A R E S  A N D  C-LEW E Q U A T I O N S
E Q U A T I O N  RE SID SUM SQS ' V A R I J d CE S G D ™ P R 5 r  





0 .992097E -0 3
0 . 7 5 7 3 2 7 E - 0 3  
0 . 2 8 1 7 8 2 E -03 













E Q U A T I O N  N U M B E R 2 3 h 5
LEGS OP F R E E D O M 9 8 7 6
VALUE OP P R A T I O 2.790 13.501 O .386 1 .1+10
NO S I G N I F I C A N C E  PERCENT 2 5 .0 1.0 5 0 .0 50.0
NO. OP V A R I A B L E S  3





298.15  2 . 1+60
3 0 3 .1 5  2 .1+00
308.15 2.339
3 1 3 . 1 5  2.282
318.15 2.229
323.15 2.171+
3 2 8 .1 5  2 .1 2 0
333.15 2.065
2 .7 2 0 0.005
2 .6 5 2 0.003
2.586 - - Q .001







2 .1 21 -0.001
2.071 -0.006
P A HA- i'OLUIDIFIUM IOIT
DAVIS S E Q U A T I O N  CI OHRE CI11 ON
IODIC S T R E N G T H  = O.04I 800
TEMP PKA PKA PKA
(EXFER) IONIS GORR ;DAVIES GOER
1 0.0 5.552 5 .5 7 6 5.407
1 5 . 0 5.443 3*1+66 5.296
20.0 5 . 3 4 4 5.365 5 .19 4
2 5 .0 5.241 5.261 5.089
30.0 5.149 5.168 4.994
3 5 . 0 5.058 5.076 4 .9OO
4 0 . 0 4.970 4.986 4.809
4 5 . 0 l+o 885 4.9OO 4 .7 2 1
50.0 4 . 8 0 7 4.820 l+*6l+0
IODIC S T R E N G T H  = O.O68I 00
10.0 5.600 5.615 5 .4 10
1 5 . 0 5.498 5.512 5.306
20.0 5 .39 4 5.408 5 .19 9
2 5 .0 5 .2 9 7 5.310 6.100
3 0 . 0 5 .19 8 5.210 4.998
35.0 5 .1 0 2 5.113 4.900
40.0 5 .0 13 5.023 4.807
4 5 . 0 4.9 28 4.938 4 .7 2 0
5 0 .0 4.849 Ì4#858 l+,638
PARA -TOL UI DI FI UM ION
DAVIES E Q U A T I O N  C O R R E C T I O N
IONIC S T R E N G T H  = 0.108000
TEMP PKA PKA 
(EXE3R) I O N I S CORR
PKA
DAVIES CORR
10*0 5.645 5.655 5.409
1 5 .0 5 . 5 4 4 5.553 5 .3O6
20 .0 5 . 4 4 4 5.453 5.203
2 5 .0 5.344 5.353 5.101
3 0 . 0 5.250 5 .258 5 . 0 0 4
3 5 . 0 5 . 1 6 0 5® 168 4.912
4 0 . 0 5 . 079 5.086 4 .828
45.0 4 . 992 4.999 4.738
5 0 .0 4 . 907 4 .9 13 4.650
E X T R A P O L A T I O N  PROCEDURE 
T H E R M O DYNAMIC P K A S
TEMP PKA SLOPE
1 0 . 0 5.407 0.02686 0.70020
1 5 .0 5 .2 9 2 0 .14 2 2 0 0.82899
20.0 5.189 0.13678 0 .99114
2 5 .0 5.084 0017750 0.85753
3 0 .0 4 .9 8 7 0 .15 7 6 4 0.99996
3 5 .0 4.890 0 .18 7 90 0 .89739
4 0 .0 4 . 793 0.30369 0.89021
4 5 .0 4.706 0 .27347 0 .83 0 97
5 0 .0 4 .6 31 0 .16 30 5 0.83692
PARA-TOLUIDINIUM ION
D A V I E S  E Q U A T I O N  C O R R E C T I O N
A VERAGE S L O P E  = 0. 17390
S T D  DEV = 0 . 8 0 1 1E-•01
T E M P PKA PKA PKA
1=0 1 = 0 . 0 4 1 8 1=0.0681
1 0 . 0 5 .39 6 5.576 5.615
1 5 .0 5 * 2 9 0 5 .¿166 5.512
20,0 5.186 5 .3 6 5 5.408
2 5 .0 5.084 5 .2 6 1 5.310
3 0 .0 4 . 986 5 .16 8 5.210
3 5 .0 4.891 5.076 5 . 1 1 3
4 0 .0 4 . 8 0 2 h* S86 5.023
4 5 .0 4 . 7 1 4 4.9 00 4.938
5 0 .0 4 . 630 4 . 8 2 0 ¿1.858
T E M P PKA
1=0.1 080
1 0 . 0 5 .6 5 5
1 5 .0 5 .5 5 3
2 0 . 0 5 .4 5 3
2 5 .0 5 .3 5 3
3 0 .0 5 .2 5 8
3 5 .0 5o1 68
4 0 .0 5.086
4 5 .0 4 . 9 9 9
5 0 .0 4.913
PARA-TOL UI DI HI UM ION
CLARKB A N D  G L E W  E Q U A T I O N S
N O . V A R I A B L E S 1 2 ' 3
D ELTA Gr 6936.29 6935.61 6939.1+1
DELTA H (301+1 .1+2 8052.92 8099.93
DELTA S 3.71 3 .7 5 3.9 0
DELTA O P 0*0000 - 2.7 7 7 8 2 .601+0
D C P / D T 0.00000 0.00000 - 1 .2 0 2 1 6
D 2 C P / D T 2 0.00000 0.00000 0.00000
D 3 0 P / D T 3 Oo00000 0 .00000 0.00000
N O . V A R I A B L E S  ~T+_____________I
DELTA &  
DELTA H  
D E L T A  S 
DELTA OP 
D C P / D T  





- 3 . 6 0 7 9  -5.5370
- 2 .I+3386 - 2 .16 211+
O .2 6 5 13 0.35U82
0 . 0 0 0 0 0  -0.01887
PARA-TOLUÏDINIUM ION
C L A R K E  A N D  GLEvV E Q U A T I O N S  
S T A N D A R D  ERR O R S
NO .VARIABLE S ~ 1 __" _______ 2_____ “_____3



























NO . V A RIABLES___5 ________ I  £
DELTA G  
DELTA H  
DELTA S 
DELTA C P
d c p / d t
D2CP/DT2
D 3 0 P / D T 3
-0.2906 - O .3 3 27
24 .30 30 .5 5
0 .0815 O.IO25
3.7041 9.37U3




PARA—TOLUIDINIUM  ION 
OLARKB ARD SLEW EQUATIONS
EQUATION RESID SUIvI 8QS VARIANCE STD ERROR 






0 . 1 7 3 9 1 9B-03 
O .675I 29E - O I  
0.312079E-01 
O .336H Í 4E - O 2+
O.3116 27E - O 24. 
O.289865E - O I  
O. 135086E - O I  
O.855I96E-O5 
0 . 1 12038E-OI




0.7 3 1 5 1 7E-03
P TEST
EQUATION NUMBER 
DEOS OP FREEDOM 
VALUE OF F RATIO 
NO SIGNIFICANCE PERCENT
9 1+ 5
6 5 1 3
1 .526 7.875 3.898 0.053
50.0 5.0 2 5 .O 50.0
NO. OF V A R I A B L E S  3
TEMP Ë X E E R  PKA OALC PKA D E VIATION
283.15 5.396 5 . 3 9 6 -0.000
28 8.15 5.29 0 5.289 0,001
293.15 5 « 186 5 . 1 81 0.002
2 9 8 .15 5 .08I1 5 .0 8 2 0.002
3O 3 .I5 I4.9 86 U. 98U 0.002
3 0 8 .15 8.891 1 .8 9 0 0.001
3 1 3 .-I5 ¿1.802 1 .8 0 1 0.001
318.15 1 . 7 1 1 1.7-16 - 0.003
323.15 1 .6 3 0 1.637 -0,007
PARA-I-,IB THOXYANILINIUM ION
DAVIES 3 Q U A T I O N  -C O R R E C T I O N




IONIS C O R K
HCA
DAVIES CORE
5.0 5 .917 5.92+3 5.776
10.0 5.812+ 5.839 5.67115.0 5 . 702 5 . 727 5.55720.0 5 . 5 9 0 5.612+ 5.¿+2+3
2 5 .0 5.2+85 5 .5O8 5.335
3 0 .0 5.389 5.^11 5.237
3 5 . 0 5.295 5 .3 16 5.12+1
2+0.0 5.205 5 .2 2 5 5.02+7
2+5.0 5.118 5 .13 6 2+.958
5 0 . 0 5.032 5 .02+9 ¿+•869
IONIC STRENGTH = 0.068100
5 . 0 5.92+8 5.962+ 5 .76O
1 0 . 0 5.8Ù6 5.862 5.6 5 6
15.0 5.735 5 .7 5 0 5.52+2+
20.0 5.625 5.62+0 5.2+31
2 5 .0 5.518 5.532 5.322
30 .0 5.2+22 5.2+36 ' 5.222+
35.0 5.328 5.32+1 5.127
2+0.0 5.235 5.22+7 5.031
2+5.0 5.12+8 5.160 24.92+2
5 0 .0 5.0 6 3 5.072+ 2+.852+
PARA-I iETHOXTANILINIUM ION
D A V I E S  E Q U A T I O N  C O R R E C T I O N
I O N I C  STREN G T H  = 0 . 1 0 8 0 0 0






5 .0 5.975 5.985 5.71+2
1 0 .0 5.870 5.880 5.635
1 5 .0 5.756 5 .766 5.519
20.0 5 « 6U8 5.658 5.1+08
2 5 .0 5 . 51+6 5.555 5.301+
3 0 .0 5.1+1+9 5.1+58 5.201+
3 5 .0 5.355 5.361+ 5.108
i+O.G 5 . 2 6 6 5.271+ 5 .0 16
1+5.0 5 . 176 5.181+ 1+.923
5 0 .0 5.091 5.098 ¿+.835
EXTRAPOLATION PROCEDURE THERMODYNAMIC PEAS
T E M P  P K A _______ SLOPE
5.0










































Q s & 0 lf-3 H to
AVERAGE SLOPE = 0 .5 12 8 3
STD DEV = 0.3U1 73-01
TEMP PKA PKA EKA
1=0 1=0.0lil8 ‘1 =0.0681
5.0 5 .7 9 7 5.9U3 5 .96U
10 . 0 5.691 5 .8 3 9 3 .862
1 5 . 0 5 .5 7 7 5.727 5 .7 5 0
20.0 5 . ¿465 5 .61 ¿4 5 .6J4.0
2 5 .0 5 .35 8 5.508 5 .532
3 0 .0 5 .25 9 5.¿411 5. ¿436
3 5 .0 5 .1 6 3 5.316 5.3441
¿4-0.0 5.06s 5.225 5.2447
¿45.0 5.9 78 5 . 136 5.160




1 0 o0 5 . 8 8 0
1 5 .0 5.766
2 0 . 0 5.658
2 5 .0 5 . 555
3 0 .0 5.4458
3 5 .0 5.364+
¿40.0 5.2744
¿45.0 5.1844
5 0 .0 5.098
PARA—HB TH 0 XYA FIL INI UM ION
GLARES A N D  G L E W  E Q U A T I O N S
NO. V A R I A B L E S "  1 _______ ?  ' 5
DELTA G  
DSL'TA H  
D8L T A  S 
DELTA G P  
D C P / D T  
D 2 G P / D T 2  






















So. " v a r i a b l e  s 4'
D E L T A  G  
DELTA H  
DELTA S 
D E L T A  C P  
D C P / D T  
D2CP/DT2 
D 3 C P / D T 3
7310.83 7309.89
8507.42 8377.22
4 .0 1 3.58
-34.3941 -48.7667




C L A R K E  A N D  G L E W  E Q U A T I O N S
E Q U A T I O N  RE SI D  311! 3QS VARIANCE ' STÏi" E R R O R
N U M B E R R  L N  K R L N  K RCA
1 0.1 8 7 1 28E -0 2 0.23391 QE -0 3 0.33L2L6K-022 0.183366S -0 2 0.2 6 1952E -0 3 O.3537I L E -02
3 0 . 1 39002S-02 0.2 3 1 669S -0 3 0.3326L1E-02
b 0.3U0957S-03 0 . 6 8 19 1LE-OL 0.180L71S-02
5 0 . 2 L 0 8 6 9 E - 0 L 0.602172E -0 5 0.536293E-03
F. TEST
E Q U A T I O N  N U M B E R  2
D E C S  OP F R E E D O M  7
V A L U E  OP P  R A T I O  041 L L
NO S I G N IFICANCE P E RCENT 50.0
3 L 56 5 L
1.915 15.38L 52.621 
2 5 .O 2.5 0.5
PARA-METHOXYANILIÏÏIUM ION
C L A R K E  A M E  G-LBW E Q U A T I O N S
S T A N D A R D  E R R O R S
NO. V A R I A B L E S 2 3
D E L T A  G ~1.Ulj.20 - 1 .5 2 6 0 -1.4351
D E L T A  H 30 .29 32.85 7 6 .7 4
D E L T A  S 0 .1 0 1 7 0 .1 1 0 3 0 .2574
D E L T A  G P 0.0000 5.0 7 4 8 5.2449
D C P / D T 0 . 0 0 0 0 0 0.00000 1 .18 4 5 6
D 2 C P / D T 2 0 . 0 0 0 0 0 0.00000 0 . 0 0 0 0 0
D 3 C P / D T 3 0 . 0 0 0 0 0 0.00000 0.00000
NO. V A R I A B L E S "~4 ________' 5 .... „
D E LTA G - 0 .7 78 6 - 0.2314
D E L T A  H 4 5 . 0 8 22.40
D E L T A  S 0 .1 5 1 2 0.0751
D E L T A  O P 9.4832 3.4449
D C P / D T 0.78735 0 .9 4 0 57
D 2 0 P / D T 2 0.22273 0 .0 9 352
D 3 C P / D T 3 0 . 0 0 0 0 0 0.03043
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PARA-MBTHOXYANILIUIUM ION
GLARKE A N D  G-LEW E Q U A T I O N S
NO. OP V A R I A B L E S  5 •
TEMP E X P S R  PKA CALO PKA DEVIATION
2 7 8 .15 5 .7 9 7 5 .7 9 7 0,000
283.15 5 .6 9 1 5.6 9 1 -0.000
288.15 5 .5 7 7 5 .5 7 7 0.000
293.15 5 .4 6 5 5.46 5 0.000
298.15 5 .3 5 8 5 .3 5 8 -0.001
30 3.1 5 5 .2 5 9 5 .2 5 8 0.001
308.15 5 . 163 5 .1 6 3 -0.000
313.15 5 . 0 6 9 5.069 -0.001
318.15 4 . 9 7 8 4.978 0.000
3 2 3 .1 5 4 . 8 9 0 4 . 8 9 0 — 0.000
PARA-CHLOROABILINIUM ION
D A V I E S  E Q U A T I O N  C O R R E C T I O N
I O N I C  S T R E N G T H  = 0 . 0 2 0 1 7 0
T E M P P K A PKA PKA
(EXPER) I O N I S  CORR D A V I E S  CORR
5 . 0 4 . 4 1 7 4.441 4 . 3 1 8
1 0 * 0 4.331 4.354 4 . 23O
1 5 . 0 4 . 2 4 5 4 . 267 U.1U2
20.0 ¡4.1 58 4 . 1 7 8 4 .0 53
25.0 ¡4.077 h 0 09 6 3 .9 7 0
3 0 . 0 ¡4.000 lu 01 8 3 . 8 9 0
3 5 . 0 3 . 9 2 4 3 .34O 3.812
I4O 0O 3 .8 5 1 3 • 866 3.73 6
4 5 . 0 3 . 7 7 8 3 .7 9 2 3.661
50.O 3.706 3.7Î9 3.586
IONIC S T R E N O T H  = 0.0401 90
5.0 ¡4.¡4¡45 4 . 457 4 .29 3
I O 0O Í W 3 6 0 4 . 372 lu 206
1 5 . 0 ¡4.275 4.286 4 . 1 2 0
2 0 . 0 ¡4.190 4.201 4 .0 3 2
2 5 .O k 011 0 Il • 1 20 3.9 50
30.0 4 .0 3 3 4 .0 4 3 3.871
3 5 . 0 3 .9 5 6 3.9 6 5 3.792
4 0 . 0 3.885 3 . 893 3.719
4 5 . 0 3.810 3.818 3.642
5 0 .0 3 . 7 3 7 3.744 3.566
PARA-CHLOROANILIimJM ION
DAVIES E Q U A T I O N  C O R R E C T I O N






D A V I E S  0
5.0 1+.1+70 4.479 4.285
1 0 . 0 4 . 385 4.393 4.198
1 5 .0 ¿U 3 00 4.308 4.111
20.0 1+.215 4 . 2 2 2 ¿4.02U
25.0 4.135 4 . 142 3.9 4 2
3 0 . 0 4.059 U* 066 3.8 6 3
3 5 . 0 3.982 3.988 3.785
1+0.0 3 . 9 1 2 3.918 3.712
1+5.0 3 . 8 3 8 3.843 3.636
50.0 3.767 3 . 772 3.562
E X T R A P O L A T I O N  PROCEDURE 












4 . 333 -0.8 4 516 -0.96120
4 .244 -0.81581 -0.96430
4 . 1 5 6 -0.78314 -0.96744
4.066 -0 . 7 2 8 2 6 -0.97345
3 . 982 -0.69712 -0.97702
3.902 -0.66753 -0 . 9 7 1 6 8
3.824 — 0.68562 -0.96979
3.747 -0.60830 -0.96948
3.671 - 0 . 6 2 9 4 0 -0.95587
3 . 5 9 6 -0.60280 -0.93256
PARA-CIILOROAiilLIOTlJM I OK
DAV I E S e q u a t i o n C O R R E C T I O N
A V E R A G E  SLOPE = -0.70631
S T D  D E V  = 0.8557E-01
HEMP PKA
1= 0
ir'iiA1=0.0202 PKA1= 0 . 0 4 0 2
5 .0 4 .3 2 7 U# W l 4.457
1 0 . 0 4 .2 4 0 4.354 4 . 3 7 2
1 5 .0 4 .1 5 3 4 .26 7 L I  0 286
20.0 4 .0 6 5 4 . 1 7 8 4.201
2 5 .0 3.982 4.096 4 .120
3 0 .0 3.903 4 . 018 4 .0 4 3
3 5 .0 3.825 3.940 5.9 6 5
4 0 .0 3.751 3 • 866 3.918
4 5 .0 3 . 6 7 4 3 .7 9 2 3.818
5 0 .0 3 . 6 0 0 3 .7 1 9 3.744
TEMP PKA
1 = 0.0602
5 .0  4 .4 7 9
1 0 .0  4 .3 9 3
1 5 . 0  4 .30 82 0 .0  4 .2 2 2
25.0 4.142
30.0  4 .066
3 5 . 0  3.988
4 0 . 0  3 . 9 1 8
4 5 .0  3 .8 4 3
5 0 . 0  3 . 7 7 2
PARA-CHLOROANILINIUM ION
C L A R K E  A N D  G-LSW E Q U A T I O N S
NO . V A R I A B L E S 1 2 -7,
D E L T A  G 5 4 3 1 . 6 2 5434.84 5434.75
D E L T A  H 6 6 U 3 •85 6630.32 66i U *71
DELTA S U .07 4 .0 1 3 .9 6
D E L T A  O P 0.0000 9 .526O 9 .0 4 23
DOP/DT 0.00000 0.00000 0.26336
D 2 C P / D T 2 0,00000 0.00000 0.00000
D 3 C P / D T 3 0.00000 0.00000 0.00000
N O . V A R I A B L E S h ..5........
D E L T A  G 5 4 3 3 . 0 7 5432.81
D E L T A  H 661+8.11 6 6 1 2 .1 5
D E L T A  S 4 . 0 8 3.9 6
DELTA O P - 8 . 4 3 3 5 - 12 .4 0 3 4
d c p / d t -0.61533 1 .21004
D 2 C P / D T 2 0.1+302Ö 0.56266
D 3 C P / D T 3 0.00000 -0.06098
PARA-CHLOROAPTLIKEUM ION
G L A R E S  A M )  G-LW-1 E QUATIONS
S T A N D A R D  E R R O R S
K O . V A R I A B L E S 1 2 3
D E L T A  G- - 1 .1954 -0.6790 -0 .7 2 17
D E L T A  II 25.11 1 4 .6 2 38.59
D E L T A  S 0.0843 0.04S1 0.1295
D E L T A  GP 0 . 0 0 0 0 2 .25 8 0 2.6378
d c p / d t 0.00000 0.00000 0.59574
D2 G P / D T 2 0 . 0 0 0 0 0 0.00000 0.00000
D3 0 P / D T 3 0 . 0 0 0 0 0 0.00000 0.0 0 0 0 0
HO. V A R I A B L E S  k 5
D E L T A  Cr - O .4 15 5 — 0.R026
D E L T A  H 24.06 38 .9 7
D E LTA S 0.0 8 0 7 0 .13 0 7
D E L T A  G P 5 .C606 5.9938
d c p / d t 0.42016 1.6 3 6 5 1
D 2 C P / O T 2 0 . 1 1 8 8 6 0 .16 271
D 3 C P / D T 3 0.00000 0.05295
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PARA-CÌILOROAUILIIIIUM IOII 
C L A R K E  ARI) G-LEW B Q U A T I O U S
E Q U A T I O R RE sili SUI,: SQS VARIA NOE 8T D  SRRT3r
N U M B E R S_____ R _ L I J i _______...  R LN K FKA
1 0 . 1 28605E -0 2 0 . 1 60756E-0 3 0.277093E-02
2 0 .3é 3 03 3E -0 3 0.51 3618E-01+ 0 . 15738611-02
3 0.351 581E-03 0.585969E-01+ 0 .1 67293E -0 2
k 0 .9703  51E-01+ 0.1 91+1 9QE-01+ 0.96306513-03
5 0 .7 2 9 1 92E-01+ 0.1 82298E-01+ 0 .9 3  31103 -0 3
P  T E S T
E QUA TI Oli RliMBER
I B G S  OP F R E S D O M
V A L U E  GT? F  RATIO 1
HO S I G ì U F I C A H G E  F E R C E U T
2 3 b 5
7 6 5 h
738 0 . 1 9 5 1 3 .1  05 1 .32 6
0 . 5 VJ1 0 » 0 O PI£- . 5 0 . 0
HO. OF V A R I A B L E S  2
n .\r r» ryr " f?Tr*>■ I - TI Oli"‘TEMP E XPER PKA




298. 1 5 3.982
3 0 3 . 1 5 3.903
3 0 8 . 1 5 3 • 825
3 1 3 . 1 5 3.751
3 1 8 .1 5 3.671+
323.15 3.600
U . 3 3 3 -0.006
li. 0.001
l ì . ’1/48 0.005






3 .6 12 -0 .0 12
PARA-BROUQAI- ILI lilUK I ON
DA VIS 3 BQ.UAI'IOII C O R R E C T I O N
IONIC S T R E N G T H  = 0 .0 20 170
TS IIP P KA PKA PKA
(aXF3R) I O N I 3 GO Dt DAVIES DORR
5 . 0 ¿4.3¿43 U.335 7 .2 3 3
1 0 . 0 ¿4.2¿47 ¿4.259 ¿4 .13 5
1 5 . 0 ¿4.1 58 ¿4.169 M • Oij-S
20.0 ¿4.075 ¿4.085 3.960
2 5 .0 3 . 992 ¿4.002 3.875
3 0 . 0 3 .9 1 3 3.922 3.79¿4
3 5 . 0 838 3. 8U6 3.718
¿40.0 3 .76I4 3 .7 7 1 3.6¿42
¿45.0 3.693 3 .7 0 0 3.569
5 0 .0 3.625 3.6 31 3 . ¿499
I O N I O S T R E N G T H  = 0.0140190
5 «O ¿1 . 368 ¿4.375 ¿4.21 C
1 0 . 0 ¿4.27¿4 N .280 ¿4.11 ¿4
15.0 ¿4.1 8I4 4 . 1 9 0 ¿ 4 . 023
20.0 I4.O98 ¿1.10 3 3.935
2 5 .0 ¿4.01 8 ¿4.023 3.853
3 0 . 0 —r ~2 O 2 * S ̂ 0 3.SU3 3.771
3 5 . 0 3.8 6 1 3.865 3.693
¿40.0 3.739 3.793 3.619
¿1-5.0 3.719 3.723 3.5¿47
5 0 . 0 3.6 51 3.65¿4 3. ¿477
p a r a - b :ROfJOANILINIUM ION
DAVIES EQUATION CORRECTION
IONIO STRENGTH = 0.060200
T E M P PKA
. (EXFHR) . IONTS CORI? T' ' ~rTBi -< r«/ • ■' :• i.y
5 .0 4 .3 9 2 4 .3 9 6 4 .2 0 3
1 0 ,0 4 .3 0 0 4 .3 0 4 4 .109
1 5 .0 4 .2 1 0 4-. 214 4 . 0 1 7
2 0 .0 4 .1  23 4 .1 2 7 3 .9 2 8
25 a 0 4 .0 4 4 4 .0 4 8 3 .8 4 7
3 0 .0 A . 9 6I| 3 .96 7 3 .765
3 5 .0 3 .8 8 5 3 .8 8 8 3 .6 8 4
4 0 .0 3 .8 1 4 3 .8 1 7 3 .6 11
4 5 .0 3 .7 4 5 3 .7 4 8 3 .5 4 0
5 0 .0 3 .6 7 7 3 .679 3 .4 7 0




















3 . 6 5 4  
3.581 
3.511
S L O P E  .
- 0 . 7 6 2 6 9 - 0 . 9 6 0 9 3
—0 • 66J.J-6 2 - 0 . 9 4 9 8 9
- 0 * 6 9 0 2 3 - 0 . 9 4 8 3 0
- 0 . 7 9 5 8 6 - 0 . 9 5 1 1 0„-j0130400•01 - O .2 5 0 9 0
- 0 . 7 2 8 2 8 - 0 . 9 4 9 6 7
- 0 . 8 3 1 1 0 - 0 .9 6 1 2 0
- 0 . 7 6 3 5 5 - O . 96O O 2
- 0 . 7 1 9 7 6 - O . 9 0 5 8 O
- 0 . 7 2 3 1 0 - O . 9 5 7 1 3
PARA-BROMOANILINIUM ION
D A V I E S  E Q U A T I O N  C O R R E C T I O N
AVERAGE SLOPE = - 0.73825
STD DEV = 0.5058E -01
TEMP PKA PKA PKA
1=0 1 = 0 .0 2 0 2 1=0. OÍ4O2
5.0 U.2Í45 4 .3 5 5 4.375
10.0 4.149 4 .25 9 4.280
1 5 . 0 4.058 4 .16 9 4 .19 0
20.0 3.971 4.085 4.103
2 5 . 0 3 . 8 8 8 4.002 4.023
3 0 . 0 3 . 8 0 7 3.922 3.943
3 5 . 0 3 . 728 3.846 3.865
4 0 .0 3.653 3.771 3.793
1+5.0 3.582 3 .7 OO 3.723
5 O.O 3.511 3.6 31 3.654
TEMP PKA '
1 =0.0602
5 .0 4.3961 0 . 0 4 .3 0 4I 5 . O ¿4.2114
2 0 . 0 14.127
2 5 .0 4 . 0 4 8
3 0 ,0 3.967
3 5 .0 3 . 8 8 8
4 0 . 0 3.817
4 5 .0 3.748
5 0 .0 3.679
PARA-BRQMOANILINIUM ION
CLARKE! A N D  G L E W  E Q U A T I O N S
NO .VARIABLES' 1
D E L T A  G 5305.35 5302.95 530 2.8 7D E L T A  H 6696,69 6706.74 6692.99D E L T A  S 4.67 4.71 U*66
D ELTA C P 0*0000 -7.0759 -7.5016
d c p / d t 0.00000 0.00000 0.23180
D2GP/DT2 0.00000 0.00000 0.00000
D3CP/DT3 0.00000 0.00000 0.00000
NO .VARIABLES IT 5_______
DE L T A  G 5303.26 5303.39
D E L T A  H 6685.32 6703.25
DELTA S 4 .6 4 4.70
B S L T H  OP -3.4871 -1.5074
d c p / d t 0.54465 — O.I47662
D2CP/DT2 -0.09885 -0*1 6I4.86
D 3 C P / D T 3 0.00000 0.03041
1
PARA-BROKOANILINIUM ION
CLARKS A N D  G L E W  E QUATIONS
S T A N D A R D  E R R O R S
N O . V A R I A B L E S  1 2
D E L T A  G 
D E L T A  H  
D E L T A  S 
D E L T A  CP 





















0 .22130  
0.00000 
0.00000
NO .VARIABLES ~i+~ 5
D E LTA G -0.21+97 -0 .251+2
D E L T A  H 11+.1+6 21+.61
DELTA S 0 .01+85 0.0825
D E LTA C P 3 .01+20 3.781+5
D C P / D T 0.25256 1.03330
D2 C P / D T 2 0.071 i+5 0.10271+
D 3 C P / D T 3 0.00000 0.0331+3
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PARA—BROMOANILINIUM ION
CLARKE! ARP SLEW EQUATIONS
EQUATION RESID SUM SQS VARIANCE STD ERROR “ 








0 . 3 5 0 8 3 0 S - 0 U










0.58917I E - O3
F TEST
EQUATION NUMBER 
DEGS OP FREEDOM 
















NO. OP VARIABLES 2
T E M P EXPER PKA CALC PKA DEVIATION
2 7 8 .15 U.2U5 U.21+3 0*002
283.15 U. M+S Ù.1Ù9 -0*000
288.15 U .058 L . O59 - 0.001
293.15 3.971 3.972 -0.002
298.15 3.888 3.888 - 0.000
3 0 3 . 1 5 3.807 3.807 -0*001
308. 1 5 3.728 3.729 -0*001
313 . 1 5 3.653 -0.000
3 1 8 . 1 5 3 . 5 8 2 3.580 0.001
323.15 3.511 3.509 0*002








DAVIES C O R R
5.0 ¿1.23il ¿1.257 ¿1.13510.0 ¿1.152 ¿4.17il ¿1.051
1 5 . 0 ¿1.067 ¿1.088 3.96320.0 3.985 4 . 0 0 4 3.879
2 5 .0 3 . 9 0 2 3.920 3.793
3 0 . 0 3 . 8 2 8 3.8l0i 3.717
35.0 3 . 755 3 . 770 3.641
¿10.0 3.682 3*696 3.566
¿15.0 3 .606 3 .618 3.487
5 0 . 0 3 .5 3 8 3.549 3.417
I O N I C S T R E N G T H  = 0.0li0190
5.0 ¿1.258 ¿1.270 4.106
1 0 . 0 ¿1 . 1 7 7 ¿1.189 4.0231 5 . 0 ¿1.093 ¿1.104 3.937
20.0 ¿1.010 ¿1.020 3 .8 5 2
2 5 .0 3 .9 2 8 3.937 3.768
3 0 . 0 3 . 853 3.862 3.690
35.0 3 . 7 7 8 3.786 3.613
Lj.0.0 3 . 706 3.713 3.539
¿15.0 3.630 3.637 3.461
5 0 . 0 3.562 3.568 3.390
PARA—10330ANILINIUM ION
D A V I E S  E Q U A T I O N  C O R R E C T I O N  
I O N I O  S T R E N G T H  = 0 . 0 6 0 2 0 0
T E M P  PK A  PKA B S ------
___________ (EXFER) IOHIS P O R R__DA V I E S G ORR
5.0 4.277 4.285 4.0 9 2
1 0 . 0 4.197 4.205 4.010
1 5 . 0 4.115 4.122 3 . 926
20.0 4 . 0 3 0 4.037 3.838
2 5 .0 3.949 3.955 3.755
30.0 3.873 3.879 3.677
3 5 . 0 3.798 3.804 3.600
4 0 . 0 3.725 3.730 3.524
4 5 . 0 3 . 6 5 0 3.655 3.447
5 0 .0 3 . 583 3.587 3.378
E X T R A P O L A T I O N  PROCEDURE 
T H E R M O D Y N A M I C  FKAS
TEMP PKA SLOPE
5oO 4 .1 5 4 -1.08388 - 0.98176
1 0.0 4.069 - 1 .0 2 6 14 - O .98O63
1 5 . 0 3 . 9 8 0 -0.93933 «0.97505
2O 0O 3.897 -1.00822 - O .98I90
2 5 .0 3.810 -0.94837 -0.98074
30 .0 3.735 -0.99316 -0.98318
3 5 .0 3 • 660 -1.03593 -0.98021
4o.o 3 . 5 8 4 -1.03311 - 0.98582
4 5 .0 3.5 0 5 - 1.0 0 271 -0.98322
5 0 .0 3.434 -0.97745 -0.98025
PARA—IODOA NILIHIUM ION
DAVIES EQUATION OODREfi'PTOTO
AVERAGE S L O P E  = -■1.00483
ST D  DEV = 0.4327E'-01
TEMP PKA PK A PKA
1 = 0 1 =0.0202 1 = 0.0402
5 . 0 4.151 4 .2 5 7 4 .2 7 0
1 0 * 0 U* 068 4 .1 7 4 4 .18 9
15.0 3 . 9 8 2 4.088 i|*1 04
20.0 3 . 8 9 7 k.oou ¿+•020
2 5 . 0 3.812 3.9 20 3 .9 3 7
3 0 . 0 3.735 3 . 844 3.8 6 2
3 5 . 0 3.659 3 .7 7 0 3.78 6
4 0 . 0 3 . 5 8 3 3.696 3 .7 1 3
4 5 . 0 3 . 505 3.61 8 3.637
5 0 . 0 3.435 3.549 3*568
T E M P PKA
1 = 0.0602
5 .0 4 . 285
1 0 .0 4.205
1 5 . 0 4.1 22
20 .0 4.037
2 5 .0 3 .955
3O.O 3.879
3 5 .0 3 . 8 0 4
4 0 .0 3 .7 3 0
4 5 .0 3.655
5 0 .0 3 . 5 8 7
PARA-IODOANILINIUM ION
C L A R K E  A M D  G L E W  E Q U A T I O N S
N O . V A R I A B L E S 1 2 3
E ELTA G 5200.38 5204.93 5 20 5 .1 6
DELTA H 6 572.0 6 6552.96 6590.93
DELTA S ¿u 60 4 .5 2 ¿4.65
DELTA G P 0*0000 13.4496 14 .6 25 9
DCP / D T 0.00000 0.00000 “ 0.64043
D 2 C P / D T 2 0.00000 0.00000 0.00000
D 3 C P / D T 3 0.00000 0.00000 0.00000
N O . V A R I A B L E S I T  “ r.0. ......
DE L T A  G 5203.64 520 2.8 5
DELTA H 6620.89 6510.06
D E L T A  8 4.75 4 .3 8
D E L T A  G P -1.0437 - 1 3 .2 7 7 4
DCP/DT - 1 . 4 2 8 3 0 li.1 9666
D 2 C P / D T 2 0.38581 0.79374
D 3 C P / D T 3 0.00000 - 0 .18 79 1
S T A N D A R D  E R R O R S
PARA-IODOANILINIUM ION
CLARKE AND GLSV/ EQUATIONS
N O . V A R I A B L E S  __1______
- 1.6 70 0  
35.03
D E L T A  G 
D E L T A  H  
D E L T A  S 
D E L T A  C P  
























1X0 .VARIABLE 3 4
DELTA G 
D E L T A  H 
DELTA S 
DELTA C P  
D C P / D T  
D2CP/DT2 















0 .0 8 0 4 0
152
PARA-IODOANTIINIUM ION
CLARKS ATO GLEV7 EQUATIONS
E Q U A T I O N
NUMBER
R E S I D  SUM SQS 
R  L N  K
VARIANCE
R L F K
STD E R R O R  
pia
1 0.250997B -0 2 0.3137U 6E -0 3 0.38 7 1 07E-02
2 0.66999QS -0 3 0.9571 28E-04 0.2 138O93- O 2
3 0 .60227Í4E -0 3 0.10 0 379S -0 3 0.218959E-02
1+ 0.39767^0 -0 3 0.795347E-04 0.194901®-02
5 0.168 09 9S-03 0.420248E-04 O . 1 4 1 6753-02
P  TEST
E Q U A T I O N  N U M B E R 2 3 4 5
DEOS OP F R E E D O M 7 6 4
VALUE OP P  R A T I O 19 .2 2 4 0.675 2 .5 7 2 5*463
NO SI G N I F I C A N C E  PERCENT 0 .5 50.0 2 5.O 10 .0






2 9 8 .1 5
3 0 3 . 1 5
3 0 8 . 1 5
3 1 3 . 1 5
3 1 8 . 1 5
3 2 3 . 1 5
I x ^ r T k a c a l c  FKA__DEVIATION"“
4 .1 5 1 4.159 -O.OO7
4 * 068 4 .O65 0.003
3.982 3.976 0.007
3.897 3 . 890 0.007
3.812 3.808 o .oo4
3.735 3 .7 3 O 0.005
3.659 3.655 0.004
3.583 3.583 0.000
3.50 5 3.51 4 -0.000
3.435 3.448 -0 .0 13
00
LO
^ 4  0 ^ t- o ^ o o >~1-om3- r- cm Ln cm cm ko oovo I
Li* '■ LO G \V O  CO CO VO Xfr t -  KO CO
GO G  V GO 00 G V CO CO GO CO QO 00 CG o V. co 00 GO co GO GO QO GO GO
o  o o o . o o o o o o o
teO ppo KOw & PI
P CTpj
CO|XH OO ?sr*v«PPM Pl PiM
h. f—1 O Ct-.- f--<<q OHH j—ih-PO P¡G, ,-r* feèn P pH Of-H p-i O1 I< P rvjPlicl EHX E KPi PP E-! E-l]
co vx r - o  -*--3* ko VO_rtjt-d*
K*\ VX l"'- LTS. v~  r^“ V -  GO L n  V -  CO
x j*  V -  c o  r - c M  v x  k o -r i  l o c m
-r- VX h- KO «r- CO CM O  KO
CM CM CM CM CO CJ CM v~ CM CO CO
o o o o o o o o o o o
vx o n-vx Lnr-co ooo maoO UO-r- P'-KOCOVO v CO -Gf*o o co go co co co P"- p~-
■ ç - ^ - x - ^ - O O O O O O O
O O O O O O O O O O O  
o uooiroOinoiíooinO
V- v- CM CM Ln KOxr-Ct LCV UOVO

PARA-DITROANILINIUM ION
AVERAGE SLOPE = 0 .2 3 7 2 6  
STD DEV = 0.30Í+0E-01
T E M P  P K A  PICA PKA
__________________ 1 = 0 ___1= 0 .0610  1 = 0 .0 7 3 3
1 .159 1 .162
1 . 1 1 5  1.119
1.074 1.077
1 0 .0 1 .1 4 4
1 5 .0 1 .1  02
2 0 .0 1 .0 6 1
2 5 .O 1 .019
3 0 .0 0 .9 7 8
3 5 .0 0 .93 7
4 0 .0 O.896
4 5 . o O.856
5 0 .0  ' 0 .8 1 7
5 5 .0 0 .7 8 2
60.0 0.7U 9
1 .033 1 .03 5
O.991 O.995
0 .9 5 2 0.95Ì+
0 .9 Í2 O.9 13
O.872 O.874
O.832 0 .8 3 3
0 .7 9 8 0 .799
0.76k O.766
TEMP PKA-  “  PKA












1 .168 1 . 1 7 2
1 .12 6 1 .131
1 .084 1 .091
1.043 1.049
1.0 0 2 1.008
0.960 0,966




0 . 772 0.778
PARA-NITROANILINIUM ION
C L A R K S  A N D  G L E W  E Q U A T I O N S
NO .VARIABLES 1 2 3
D E L T A  G 13 8 5 .7 6 13 8 8 .2 4 1390.66
D E L T A  H 3453.47 3 3 7 3 .2 3 34 16 .9 2
D E L T A  S 6.94 6.66 6.80
D E L T A  O P 0,0000 9 .20 4 2 21.89 06
d o p / d t 0.0 0 0 0 0 0.00000 - 1.378 0 1
D 2 C P / D T 2 0 . 0 0 0 0 0 0.00000 0.00000
D 3 C P / D T 3 0 . 0 0 0 0 0 0.00000 0 . 00000
NO . V A R I A B L E 3 4___ _ _____5
D E L T A  G  
D E L T A  H  
DELTA S 
D E L T A  O P  
D C P / D T  
D 2 C P / D T 2  
D 3 C P / D T 3
13 9 0 .6 1 13 9 0 .6 5
3 3 4 5 .2k 3344.11 
6 .56 6.55
23.4680 24.0700
0 .6 16 51 0 .6 3350
- 0 .2 1 1 1 8  - O .23655 
0 . 00000 0.00264
PARA-NITROAITILINIUM ION 1 5 6
C L A R K E  A K D  Q-LEW E Q U A T I O N S
S T A N D A R D  E R R O R S
N O . V A R I A B L E S  1 2 3
DELTA G 
DELTA H  
DELTA S 
DELTA C P
d c p / d t
D 2 C P / D T 2






















N O . V A R I A B L E S Ï Ï 5
DELTA G 
DELTA H  
D E L T A  S 
D E L T A  CP 
DCP/DT 
D 2 C P / D T 2  
D 3 C P / D T 3
- 0.181+1 -0 .2 0 11
11+.28 17.09
0.01+79 0.0573





PARA—KE TR OANILI NI I IM ION
CLARKE AND GLEW 3 CUATI QMS
EQUATION RESID 3UM SQS 


























EQUATION NUMBER 2 3 k 5
BE C-S OP FREEDOM 8 7 6 5VALUE OF F RATIO 13 .8 6 5 2k . 253 3 3 . 1 5 8 0.026







TS M P E X B 3 R  PKA CALO PKA DEVIATION
283. 15 1 .ikk 1 *1U8 - 0.00k
288. 15 1 . 1 0 2 1 .1 0 7 -0.005
293. 15 1.0 6 1 1.0 6 6 - O . O O5
298. 15 1.019 1 .0 2 5 - 0.006
303. 15 0.978 0.983 - O . O O5
3 0 8.15 0.937 o.9k2 - O . O O5
3 1 3 .15 0*856 0.858 - 0.002
323. 15 0.817 0 .8 15 0.002
328. 15 0.782 0 .771 0.011
333. 15 0.7U9 0.726 O.O23
ORTHO-TOLUIDIHTUM I OH
DAVIES. EQUATION CORRECTION
i o n i c ; STREDO-TH = 0.041 800
TEMP PKA PKA PKA
(EXPER) IOHIS COER DAVIES O'
1 0*0 ¿4. 881 4.895 4 .7 2 6
15.0 4.790 4.803 4.63320.0 4.697 4.708 4 .5 3 7
2 5 .0 4.605 4.615 I4.I4I42
30.0 4.520 4.529 4 .3 5 5
35.0 4.438 4 .2 7 0
40.0 4.352 4.359 4.181
45.0 ¿4.27^ 4.280 1+.101
50.0 4 . 1 9 8 4.203 4.022
H O o STRENGTH = 0.0681 00
10.0 4 .920 4.929 U.72-L}.
15.0 I4. 82I4 4.832 4.625
20.0 4.728 4.735 4.527
2 5 . 0 ¿4* 638 I|# 6l-{.5 i4.l4.3ij.
30.0 4.554 4.560 4.347
35.0 4.469 4.474 4.260
4o.o 4.388 4.392 4.176
45.0 4.308 4.312 I4 0 09^
5 0 .0 4.235 4.238 4 .0 18
ORTHO—TOLUIDINIUM ION
DAVIES E Q U A T I O N  C O R R E C T I O N
I O N I C S T R E N G T H  = 0 . 1 0 8 0 0 0
TEMP P K A PEA PKA
(EXPER) 101-11°, CORR D A V I E 8 OORR
10.0 4.961 4 .9 67 4 .7 2 21 5 . 0 4 . 8 6 4 ¿4-* 86$ 4 .6 2 2
2 0 * 0 4 . 7 7 2 4.777 4 .5 2 7
2 5 .0 ¿4-. 680 ¿4 • 6 824. 4 .4 3330.0 4 . 596 ¿4-.600 4.346
3 5 . 0 4 . 5 1 3 4 . 516 4 .26 1
¿4.0*0 4 . 4 3 0 4.433 4 .1 7 54 5 . 0 4.349 4.352 4.091




10.0 4 .7 2 9 - 0 .0 719 5 -0 . 9 8 0 6 6
1 5 .0 4 .6 38 -0 .154 59 -0.98066
20.0 4.540 -0*13119 - 0 . 7 5 3 0 0
2 5 .0 U. ¿4.14.6 -0*13507 -0.86358
3 0 .0 4 .358 -0.1 21 - 0.87865
3 5 .0 4 .2 7 3 - 0 .1 3 1 1 1 -0.76707
4 0 .0 4 .18 5 - 0.09650 - 0.9 1582
4 5 .0 4 .10 6 -0.14388 -0.93294
5 0 .0 4.028 -0.13974 -0.99748
ORTHO-TOLUIDINIUM ION
D A V I E S  E Q U A T I O N  C O R R E Q T I O N
A V E R A G E  SLOPE = 0.1 2 5 0 5 
S T D  D E V  = O.2566E-OI
T E M P P K A
1 = 0
PKA
1 = 0 . 0¿i1 8
PKA ' 
1=0.0681
10.0 ¿1.733 ¿1.895 ¿I.929
1 5 .0 ¿1.803 ¿1.832
2 0 .0 ¿1.539 ¿1.708 ¿1.735
2 5 .0 ¿1 .¿+¿16 ¿1.615 k*£>h5
3 0 .0 ¿1.3 5 9 ¿1.529 ¿1.560
3 5 .0 U .2 7 3 ¿1. ¿i¿+6 h.k7h
¿10 .0 ¿1 .18 7 ¿1.359 ¿1.392
¿15.0 ¿1.1 0¿i ¿1.280 ¿1 .3 1 2
5 0 . 0 ¿1.0 27 ¿1.203 ¿1.23 8
T E M P  PKA
1=0.1080
10.0

















ORTHO- TOLUI Dili! UM I ON 1 6 1
CLARKS AND SLEW EQUATIONS
NO .VARIABLES 1 2 3
DELTA G 6066.53 6067.19 6067.21+
DELTA H 71+00.57 7389.U3 7 3 9 2 .3 7
DELTA S 1+.1+7 li-. 1+3 1+.1+1+
DELTA GP 0 .0 0 0 0 2.690J+ 3 .0263
d c p / d t 0.00000 0.00000 -0 .07501+
D2GP/DT2 0,00000 0.00000 0,00000
D3GP/DT3 0.00000 0,00000 0.00000
N O . V A R I A B L E S 5
DELTA 0 6067.37 6065.85
DELTA H 7380.91 7 3 3 3.1+3
D E L T A  S U.U 1 1+.25
DELTA GP 1+.9839 -26.1+012
d c p / d t 0 .3 1 3 1 0 1+'. 73368
D 2 C P / D T 2 -0.08355 1.37565
D 3 C P / D T 3 0.00000 - O .307OI
ORTHO-TOLUIDINIUM ION
CLARKE AND GLEW EQUATIONS 
STANDARD ERRORS
NO.VARIABLES 1 2 3
DELTA G -0.58S8 -0 .5 8 10 -0.6359DELTA H 1U.03 1 7 . 1 2 3h .66DELTA S 0.01471 0.0575 0 . 1 1 6 3DELTA OP 0.0000 2 .I4U 22 R .2765
d c p / d t 0.00000 0.00000 0.7U573D20P/DT2 0.00000 0.00000 0.00000
D30P/DT3 0.00000 0.00000 0.00000
NO .VARIABLES u 5
DELTA 0 -0.7051 -0.37814
DELTA H 58.95 314.75
DELTA S 0.1977 0.11 65
DELTA GP 8 .9868 10.6630




opojiio- tol u id if iu m  io n
CLARKE AUD OLIO EQUATIONST71 !u:FlQUATIONUFBER “ RS 3ID ~  R LITCTT^r<~1 ^oUi.. o-J'-) rri'v -~v ) y. • v̂riTT* Ri .R  ; j ■ iF  K qrpr) 2 QT>l'v L.
1 0 , 21L S 5 .r -1--1O ‘ Jxli ■'-0  31 0 . 352 011 n¿.q-R/L'j1-OU «1 90 7063 __ P O2 0 . 2050 0 Tn'O fi-!,--03 0 . •7 ! 1 A81 2 S-0 U .0 . 1 07 7723 ~Q2v-' *—;
J 0 . 2 0 U 6 7 3 E -0 3 0 . UGO 3U5S-OU 0 . 1  ̂Q co­ ro • P> CR no
h 0 . 2 013 fi OV ,-0 3 0 . 5 O3 U 0613--o u 0 , t r~ r"0 O AAi.R '-0 2
5 0 . it 3 ko —7 T̂l743--ou 0 . 1 uu n rr op3> » •-o u 0 . n ; * î 2 q -7  r-T.1Í F - j r\~z
P TEST
EQUATION NIMBER Oc~ 3 h r*0
DEOS OP FREEDOM fi e; h 3
VALUE OP P RATIO 1 .2 1U 0 .0 1 0 0 « 066 1 0.891
ITO SIGNIFICANOS PERCENT 50.C 3O.O 50*0 5 • C
FO. OP VARIABLES 1TEM-E EXFRR PILA
2 8 3 ,1 5 U . 7 33
2 8 8 .1 5 Il . 636
2 9 3 .1 5 U . 539
2 9 8 .1  5 7.U7-6
3 0 3 . 1 5 4 .3 5 9
3 0 8 .1 5 U . 27  3
3 1 3 . 1 5 U . 18731 8 .1 5 U .1 0 U
3 2 3 . 1 5 U .  027
FLO HLA DEVIATION7 .7 31 0 .0 0 2U . 633 O .O O 3
i I .538 0 .0 0 2li.li.U 6 “ 0 .0 0 17 .7 5 7 0 • 001U . 272 0 .0 0 1U . 189 - O .0 0 27 .1 0 8 -o .o o uU . 030 -0 • 0 0 3
1 6 4
ORTHO—METHOXYANIL I M  UM ION 
DAVIES EQUATION CORRECTION




IONIS O O R R  D.
EKA
AVIES GOER
1 0 . 0 4 . 9 7 0 4 . 974 !+. 806
1 5 .0 4 . 8 7 3 4.877 4 .7 0 7
2 0 . 0 4 . 7 7 5 4.779 4.607
2 5 .0 4 . 6 8 2 I+.685 4 .5 13
3 0 .0 4 . 5 9 4 4 . 5 9 7 4 .4 23
3 5 .0 4 . 512 4.515 4 .339
4 0 .0 4.431 4.433 4 .2 5 6
1+5*0 4 . 3 5 2 4.354 4 .1 7 5
5 0 .0 4 .2 7 6 4.278 4.097-
H O O STRENGTH = 0.068100
10.0 4 . 9 9 2 4.995 4.789
1 5 .0 4.897 4 .9OO 4.693
2 0 . 0 4.802 4.804 4 . 596
2 5 .O 4 .7 O8 4.710 4 .5OO
3O.O 4 . 6 2 0 4.622 4.409
3 5 .0 4 .5 4 0 4 . 542 4.328
1+0.0 4.458 4.459 4.243
¿<•5.0 4 .38O 4.381 i|*1 63
5 0 .0 4.302 4 .3 0 3 4.083
ORTHO-ME THOXYAMIL I HI TTM ION
D A V I E S  E Q U A T I O N  CORRE C T I O N
I O N I O  S T R E N G T H  = 0 . 1 0 8 0 0
TEMP P K A
. .(e x p e r )
P K A
IONIS CORR
PKA ' ' 
DAVIES CORR
1 0 . 0 5.021 5 .023 I+ .7 7 7
1 5 . 0 4 . 9 2 6 1+.928 i-L* 6 81
20 . 0 1+.831 1+.832 1+.583
25*0 1+.739 1+.71+0 1+.1+89
3 0 . 0 1+.650 65I 4.397
3 5 . 0 1+.570 4.571 I+ .3 151+0.0 1+.1+88 4.489 I+.231
1+5.0 IÍ..Ú08 I+.I+09 I4-.I i+8
5 0 . 0 1+.331+ 1+.335 Í+.072
E X T R A P O L A T I O N  PROCEDURE 
T H E R M O D Y N A M I C  PKAS





3 0 . 0




4 .8 2 2 -0 .4 2 10 4 -0.97834
4 . 7 2 2 - 0.39778 - 0.98567
4 . 6 2 2 -0 .3 6 3 1 2 -0.99489
4 .5 2 6 -0 .3 5 19 4 -0.98529
4 .4 3 7 -0.37506 - O .98967
4 . 3 5 3 -0 .3 5 3 2 4 -0.99550
4 . 2 7 1 -0.37665 -0.99311
4 . 1 9 1 - 0.40294 —0.99868







TEMP PKA PKA PKA
1=0 1=0.01+1 8 1 =0,0681
10*0 1+.819 I+.97I+ 1+.995
1 5 . 0 1+.721 I+.877 1+.900
20.0 ¡+.623 I+.779 ¿4. 80U
25 oO ¿4* 528 I+.685 1+.710
3 0 .0 4.437 1+.597 ¿4.622
35.0 1+.355 I+.515 1+.51+2
1+0.0 I+.2 7I 1+.1+33 4.1+59
1+5.0 I+.1 9 O 4 .351+ 4.381
50.0 U 0I 11 I+.278 4 .30 3
TEMP FKA
1=0.1080
1 0 . 0  5 .0 2 3
15.0 4.928
20 .0  4.832
2 5 .0 4.740
3 0 .0 4.651
35.0 4.571




CLARKE AND G-LEW 3QUATIONS
NO . V A R I A B L E S  1 2
D E L T A  G 6I8O .58 6 17 9 .1 6
D E L T A  H 7405.81 7430.09
D E L T A  S 4.11 4 . 2 0
D E L T A  O P 0.0 0 0 0 -5.8662
d c p / d t 0 . 0 0 0 0 0 0.00000
D 2 C P / D T 2 0 . 0 0 0 0 0 0.00000
D 3 0 P / D T 3 0 . 0 0 0 0 0 0.00000
N O . V A R I A B L E S 4 .5
D E L T A  G 6 17 8 .1 2 6 17 6 .8 8
D E L T A  H 7 5O7 .5O 7 4 6 8 . 7 0
D E L T A  S U.Lj-6 4.33
D E L T A  O P - 20 .8 220 - U6.4701
d c p / d t -2.67226 0.94027
D 2 C P / D T 2 0.6 Ò 8 6 6 1 .80112








ORTHO-LB TUO XTAEILINIITM ION
CLARKE AMD G-LEW BQ.UATIONS 
STANDARD ERRORS
NO .VARIABLES 1 2
DELTA G - O .8798 -0.7606
DELTA H 20.92 22.41DELTA S O.O702 0.0752
DELTA GP 0.0000 3 »1968
d c p / d t 0.00000 0.00000
D2CP/DT2 0.00000 0.00000
D3CP/DT3 0.00000 0.00000
NO .VARIABLES Ï Ï  "  ' 5
DELTA G - O .6553 -0.4749
DELTA H 54.79 43.61
DELTA S 0 .18 3 8 0.1463
DELTA CP 8.3522 13.3823
DCP/DT 1 .6 0 3 0 0 2.04339D2CP/DT2 0.30281 -.59673











CLARKE AFP G-LBW EQUATIONS
EQUATION RE SID SUI* S^S VARIANCE











o. 7337093- 01+ 
O.5856I153-Oii
0 .6 °9 2 2 2 E -0 4
0.4348253-01+
O.228322S-OÍ+
0 .1 9 3 4 7 2 3 -0 2  
O.I672473-O2 
0.1827473 -  02 
0 .1 4 4 1 1 2 3 -0 2  
0 .1 0 4 4 2 8 3 -0 2
P TEST
EQUATION NUMBER 
LEGS OP FREEDOM 
VALUE OP P RATIO 
NO SIGNIFICANCE PERCENT
2 3 4 5
6 5 4 •s
.367 0.025 4.040 4.618
2 5 .O 50.0 ’2 5 .0 2 5 .O
O•O VARIABLES 1
TEMP EXFER PKA GALO PKA DEVIATION
283.15 4.819 4.821 -0.003
288.15 4.721 4 .7 2 1 0.000
293.15 4.623 4.624 -0.002
298.15 4.528 4.531 -O.OO3
3 0 3 . 1 5 4.437 4.441 - 0.003
308.15 4.355 4.353 0.002
313.15 4 .271 4.269 0.002
318.15 4 .1 9 0 4.187 O.OO3
323.15 4.111 4.108 0.004
ORTHO-OHLOROANILINIUM ION IN STANDARD BUFFER
DAVIES EQUATION CORRECTION







10.0 3.048 3.050 2.89315.0 2.972 2.974 2.816
20.0 2.895 2.897 2.738
2 5 .0 2.815 2.817 2.657
3 0 .0 2.747 2.749 2.588
35.0 2.680 2.682 2,520
40.0 2.617 2.619 2.456
45.0 2.555 2.557 2 .3 9 3
50.0 2.497 2.499 2 .3 3 4
55.0 2.437 2.439 2.272
6 0 .0 2.379 2.381 2.213
MOLALITY OF PHOSPHATE = 0.030100
1 0 . 0 3 .0 5 6 3.058 2.892
1 5 . 0 2 .9 8 1 2.983 2 .8 16
20 .0 2 .9 0 5 2 .9 0 7 2.739
2 5 .0 2.828 2 .83O 2.660
3 0 .0 2.758 2 .76O 2.589
3 5 . 0 2.693 2.695 2.524
4 0 . 0 2.626 2.628 2.455
4 5 . 0 2 .5 6 6 2.568 2.394
5 0 .0 2.50 9 2 .5 1 1 2*336
5 5 . 0 2.447 2.449 2*272
6 0.0 2 .39O 2.392 2 *2 1U
ORTHO-CEL PROANIL ITTIUM ION
DAVIES EQUATION CORRECTION







1 0.0 3.071 3.073 2.8 9 0
1 5 . 0 2.997 2.999 2.815
2 0 .0 2 .9 2 2 2 .921+ 2.739
2 5 .0 2.81+3 2.81+5 2.659
3 0 .0 2.773 2.775 2.588
35.0 2 .705 2.707 2.519¿+0 .0 2.61+2 2.61+1+ 2.1+51+
1+5.0 2 .5 8 3 2 .5 8 5 2.391+
50.0 2.525 2 .5 2 7 2.335
55.0 2.464 2.466 2 .2 7 2
60.0 2 .1+09 2.1+10 2 .2 1 6
172









10 2.892 0.001 2.893
15 2.816 0.000 2.816
20 2.739 0.000 2.738
25 2.659 0.001 2.657
30 2.588 0.001 2.588
35 2.521 0.002 2 .5 2 0
40 2.455 0.001 2.456
45 2.394 0.001 2.393
50 2.335 0.001 2.334
55 2 .2 7 2 0.000 2.272
60 2.214 0.001 2.213
M = 0 . 0301 m =o .0355.
ERA EKA
10 2.892 ' 2.890
1 5 2.816 2.815
20 2.739 2.739
25 2 .66O 2.659
30 2.589 2.588




2.272 2 .2 7 2
60 2.214 2.216
ORTHO-CHLOROANILINIUi: ION IN STANDARD BUFFER
CLARKE AND GLSW EQUATIONS
NO. VARIABLES 1 T ~ ------ .“ 1 -------
DELTA G 3 6 3 3.O5 3 6 3 0 .9 7 3 6 3 0 * 3DELTA H 385O.O7 5 9 17.54 5907.84
DELTA S 7.1* 7 . 6 7 7.64DELTA CP 0.0000 -7.7390 -10.5539DCP/DT 0.00000 0.00000 O .30576
D2CP/DT2 0.00000 0.00000 0.00000
D3CP/DT3 0.00000 0.00000 0.00000










8 . 1 5  8.28
- 13 .8 9 0 5 -34.9367




QRTHO-GHLOROAN XL J.N X UM ION IN STANDARD BUFFER
GLjDiilE AND GLEV7 EQUATIONS
EQUATION RE S I D  SUII SAS VARIANCE V- 1 *\ju*«iii n/»- ■ • .1 1 1. ■<!)! Bi M— iSTD ERROROTI.lBER _  '2 L F  K . . R LN K .. ______________irEA_______________________1 0 .1 8 0 3 0 8 1 -0 2 0 . 2 0 9 2 3 13 -0 3 0 .3 1  61 228-02
2 0.981+91 2 3 -0 3 0 . 1 2 3 1 1 1 +E-0 5 C . 2142491E -0 23 . 0 .9 5 0 9 0 5 3 -0 3 0 . 13 6 7 0 1E -0 3 0 .2 5 5 5 2 1 8 -0 2
h O .3 E4 8 1 6 3 -0 3 0 . 5580273- 01+ 0 . 16 3 2 5 6 3 -0 2
5 0 . 17 3 4 9 7 B -03 0.3L+6o9i4E~0ii 0 .1  287373-02
f f  TEST
EQUATION UUFRT3R 2 3 h
6
r—
DSG-S OF FREE DON 8 7 5
VALUE OF F RATIO 7.295 0 .2 0 5 1 1 . 11+8 k. 61+9
NO 8IG -N IF I C A NOE3R013NT 8 .0 5 0 .0 2 .5 1 0 .0
ORTHO-CKLOROANILINIUM ION IN STANDARD BUFFER
CLARKE AND GLEW EQUATIONS
STANDARD ERRORS
NO. VARIABLES 1 2 3
DELTA G -1.3003 -0.9975 -1 . 0 5 1 1
DELTA H 26.04 31.99 39.93DELTA S 0.0875 O.IO73 0.1 340
DELTA OP 0.0000 2.8652 6 .9 13 1DCP/DT 0.00000 0.00000 0.67551D2CP/DT2 0.00000 0.00000 0.00000
D3CP/DT3 0.00000 0.00000 0.00000
NO. VARIABLES 4 5 .....
DELTA G -0 .6 7 1 5 - O .5295
DELTA H 5 2 .0 9 45.00
DELTA S 0 .1 7 4 7 0 . 1 5 1 0
DELTA OP 4.5285 I O .3936
DCP/DT 1.33528 1.08840
D2CP/DT2 0.13379 O.4246O
D3CP/DT3 0.00000 O .04288
ORTHO—OHL OROANILIITJl(JM ION IN STANDARD BITCLARKE AND OLE " E U - 0101:3
NO. OP V A R IA B L E ! 2
q r g l . j p 3XE3R HvA CALC A D EVIA TIO N
283.15 2 .8 3 2 2 .9 0 2 - 0 .0 1 0
288.15 2 .816 2 . 8 15 0 .0 0 1
293-15 2.739 2.732 0 .0 0 6
298.15 2.659 2.655 0 . OOlj.
303.15 2 .5 8 8 2 .5 8 2 0.006
3 0 8 . 1 5 2 .5 2 1 2 .5 1U 0 .0 0 7
3 1 3 . 1 5 2.U55 2 .U5O 0 .0 0 5
318.15 2 . 3 9 b 2.390 c.oou
3 2 3 . 1 5 2.335 2.333 0 .0 0 1
3 2 8.1 5 2 .2 7 2 2.280 -0.008
333.15 2 .2 1 U 2 .2 3 1 - 0 .0 16
ORTHO-CHLOROANILINIUM ION IN HCL SOLUTIONS
AVERAGING PROCEDURE
AVERAGE MEAN M = 0.0024
TEMP PKA D E V ..............
10 2.895 0.002 2.898
15 2.821 0.001 2.822
20 2.744 0.002 2.747
25 2.664 0.002 2.667
30 2.593 0.002 2.596
35 2.526 0.002 2.530
40 2.460 0.003 2.464
45 2.399 0.003 2.403
50 2.343 0.003 2.348
55 2.280 0.003 2.284
60 2.224 0.003 2.228
TEMP
M  = 0. 
PKA













ORTHO •— G T Uj OTO f i . riLIKIUF ION IF HCL SOLUTIQHS
GLARKE ANS GrLEV/ EQUATIONS
LO.VARIABLES T 2
DELTA G 3639.92 3 6 3 7 .3 2 2627.52
DEL‘TA H 58C0.81 5 8 ° 2 .7 1 5896.23
DELTA S 7 p-7 7.5 6 7.58
DELTA GP 0.0000 - 9.6229 - 8 . 600L
DOP/DT 0 .0 0 0 0 0 0 .00000 - 0 .11 10 6
D2GP/DT2 0 .0 0 0 0 0 0 .00000 0 .00000
B3CP/DT3 0 .0 0 0 0 0 0.00000 0 .0 0 0 0 0
KO.VARIABLES h 5
DELTA G 3607•66 3636.23
DELTA H 6087.93 61 31 .61
DELTA S p 00 8.37
DELTA GP - 1 2 . 8 1 9 2 -36.0035
DOP/DT -5 .i4i.5i15 -6.09990
D20P/DT2 0 .56U 80 1 .5 4 1 6 9
D30P/DT3 0.00000 -0.101 8U
ORxHO—GHLOR0 A ìtILIFIliM ION UT HCL SOLUTIOHS







































6 3 .1 8 67.89
0.2321 0.2277
6.0145 15 .6 7 9 6
1 .77345 1 .64193
0.17769 0.640540.00000 0.06468
ORTHO—CHLOROANILINI UM ION IN HCL SOLUTIONS 
CLARKE AND OLE./ EQUATIONS
1 8 0
EQUATION RESID SUM SQS VARIANCE- ~STD ERROR
NUMBER . R LN K ___ ki ì j N  K. ____J P K A __________;____
1 0.2977450-02 0.330828E -0 3 0.397505S - 0 22 0.158879E-02 0.19 8 59 93-0 3 0.3079853-02
3 0.158509E-02 0.226442E-03 0.328867E -0 2
h O.590607B - O 3 0.9843453-04 0.216828E-02
5 0.3948440-03 0.789688E-04 0.194209E-02
F TEST
EQUATION NUMBER 
BEGS OP FREEDOM 
VALUE OP P RATIO 
NO SIGNIFICANCE PERCENT
2 3 4 58 7 6 R
.992 0 .0 16 10.103 2.479
5.0 50.0 2.5 2 5 .0


















2 .5 2 0 0.007
2.455 0.005
2 .3 9 5 0.005
2 .3 38 0.005
2.285 -0.005
2.236 -0.012
ORTHO-BROMOANTLINIUM ION IF HGL
EXTRAPOLATION PROCEDURE 
THERMODYNAMIC PKAS
T E M P PK A SLOES
1 0 .0 2.7 5 6 1+.1+2009 0.98611+
1 5 . 0 2.6 79 3.86957 0.9981+1
2 0 o0 2 .601+ ¿+.11602 0.99908
2 5 .0 2 .5 3 0 3.9 3701 0.9951+0
3 0 . 0 2 .1+50 5.39621 0 .9 8 123
3 5 . 0 2.385 5 .5 7221 0.99989
1+0.0 2.322 5 .7220 1 0.99556
1+5.0 2. 266 5 .1+3350 0.99020
5 0 .0 2.208 5.51+621+ 0.99088
55.0 2.152 5. 2 3 1 7 0 0.98278
















1 <c O Î
B  OO I m






t - t -d*
H ~Tj-—VI--f !! o
l-i CM <á O
B  h
I—- I — I P
<q Ph •
O O o PM H-; P IIo CO
fd
PQ rV >I O p






V - m  CA CTMT\ OJ m  r -  o  00
r^' 00 T - _d’ vD o  ^  co cm r^ -r- 
h-V£> V£i mod-d* KO CVJ CM T- T-
CMCMCMCMCMCMCMCM CM CM CM
f^CO O  _d*CO VO O  CM Lid-d* 
VD ~0 v- _d*VD QM^OD CM VO t-  
r~VO MO LO-d* Kì KO CM CM V- v-
CMCMCMCMCMCMCMCMCMCMCM
-M' LO-, T- r - CM h~ LOCO O K i r  
I C \  Is-  O  CM l T \ C O  OJM) - r  LOO 
S-MO MO LO -d" ‘' r  '> ^0 CM C\1 T- -r
CM CM CM CM CM CM CM CM CM CM CM
o o o o o o o o o o o
o m o m o  m o  m, o  m o







00 Cü o  Is-  CM O  KXo 00 tn  
h-c^cvi  m h - T - m c ^ K M ^ - c s i  
P -M0 V£) K\ CM CM «e- T-
o 0 e o o o « o o * «
CM CM CM CM CM CM CM CM CM CM CM
O O O O O O O O O O O
o m o ^ n o m o m o i n o
-r- v  CM CM in in v o
GLARAR A HD G!LSI E9.UATI0FS





d c p / d t
D2CP/DT2
D30P/DT3
3 3 U 9 .7 U  





34U U .83  
5801.US 
7.90




3M +5. 09 
5 8 0 6 .1 6
























ORTHO—EROMPABULINIUM ION IN HCL

















- 0 .9 10 3  
20.1 0 
0 .Ó Ò 8Ò 



















-0 .7 8 4 4  -O .8385
6 0 .8 4  7 1 .2 6
0.2041 O .239O
5 .2 8 9 6  16.4568
1.55971 1 .7 2 3 3 3
0 .156 28  0.67230
0.00000  0.06789
ORTHO—BROl'OAUILimUM ION IN HOL
CLARKE AND SLEW EQUATIONS
EQUATION
NUMBER






1 0.57831 5E-02 0.642572E-03 0.553991E-022 0.820354E-03 0.1 02544E-03 0.221308B-02
3 0.813859E-03 0.116266E-03 0.2356503-02
k 0.456323E-03 0.761372E-04 0.19 0 6 9 53-0 2
5 0.434960S-03 0.869921E-04 0.203836E-02
P TEST
EQUATION NUMBER 2 3 5
DECS OP FREEDOM 8 7 6 5
VALUE OP P RATIO 48.397 0.056 4.689 Oo 251
NO SIGNIFICANCE PERCENT 0 .1 5 0 .0 1 0 .0 50 .0
NO. OP VARIABLES 2













































ORTHO-IODOAKILIHIUM ION IF STANDARD BUFFER
DAVIES EQUATION CORRECTION
MOLALITY OF PHOSPHATE = 0.02600
TEMP FKA FKA ~~PKA - ---
________CBXPER^__ I QEIS COHR DAVIES CORE
1 0 . 0 2.926 2.931 2.774
1 5 . 0 2.846 2.851 2.69320.0 2/767 2.772 2 . 6 1 3
2 5 . 0 2.694 2.699 2.53930.0 2.626 2.631 2.470
35.0 2.564 2.569 2.407
40.0 2.500 2.505 2.341
45.00 2.440 2.444 2.28050.0 2.380 2.384 2.219
55.0 2 .3 2 6 2.330 2.163
60.0 2.269 2.273 2.105























ORTHO-IODOAHILINIUM io n  i n  s ta n d a r d  b u f f e r
DAVIES EQUATION CORRECTION
MOLALITY OP PHOSPHATE = 0.033400
TEMP PKA PKA PKA
___  (EXFER) IONIS CORR DAVIES OORR
1 0 . 0 2.953 2.957 2.775
1 5 . 0 2 .8 7 6 2.880 2.697
2 0 .0 2.796 2.800 2 . 6 1 5
2 5 . 0 2 .7 2 6 2.730 2.544
3 0 . 0 2.657 2.661 2.474
35.0 2.594 2.598 2 . 4 1 0
4 0 . 0 2.532 2.536 2.346
45.0 2.472 2.476 2 .2 8 5
5 0 .0 2.413 2.417 2.225
55.0 2.359 2.362 2 . 1 6 9
60.0 2 .3 0 3 2.306 2.111












































2 . 1 1 2
ORTHO-IODOANILINIUM ION IN STARDARD BUFFER
D A V I E S  E Q U A T I O N  C O R R E O  „'IOK
E X T R A P O L A T I O N  PROCEDURE 
THERMODYNAMIC EKAS
TEMP ..P K A.... SLOPS
10o0 2.772 0.0833*4 0.6*4022
15.0 2.688 0.17799 0.9585*4
20*0 2*606 0.22231 0.866*47
2 5 .0 2.528 0.3*4093 0.95323
3 0 .0 2.¿457 0.35786 0.98330
3 5 . 0 2.399 0.23197 O .96836
UO.O 2.331 0.31888 0.9962^
¿+5 . 0 2.273 0.23103 0.9 6 311
5 0 .0 2.211 0.2*4930 0.91*478
5 5 .0 2.158 0.179*43 0.79677
6 0 .0 2.099 0.2*4991 0.8355*4
AVERAGE SLOPE = 0.24027 
STD DBV = 0.7937S-01








10.0 2.764 2.931 2.94315.0 2.685 2.851 2.863
20.0 2.605 2.772 2.785
25 ; 0 2.533 2.699 2 . 7 1 330.0 2.463 2.631 2.643
35.0 2.399 2.569 2.580
4 0 . 0 2.334 2.505 2.516
45.0 2.273 2 . k k h 2.456
50.0 2.211 2.384 2.395
55.0 2.156 2 .3 3 0 2.342







1 0 . 0 2.957 2.974
1 5 . 0 2.880 2.896
2 0 .0 2.800 2.819
2 5 . 0 2.730 2.749
3 0 . 0 2.661 2.681
3 5 . 0 2.598 2.615
4 0 .0 2.536 2.553
4 5 . 0 2.476 2.491
5 0 .0 2.417 2.431
5 5 . 0 2.362 2.376
6 0 .0 2 .3 0 6 2.322
PRTHO-IOpPAMILINIUM IOK IN STANDARD BUFFER
CLARKS AND SLEW EQUATIONS
NO. VARIABLES 1 2 3
DELTA G 3460.25 3457.28 3455.28
DELTA H 5722.62 5818.62 5789.46DELTA 8 7.59 7.92 7.83DELTA GP 0.0000 -11 .0117 -19.4782DOP/DT 0.00000 0.00000 O .91965D2GP/DT2 0.00000 0.00000 0.00000
D3GP/DT3 0.00000 0.00000 0.00000












1 .3 2 5 0 3
-O.Oi4.29 2
0.00000








O R T H Q - I O D Q A N I L I N I U M  IO N  IN S T A N D A R D  BUFFER
OLARKE AND GLEW EQUATIONS
EQUATION
NUMBER
RESID SUM SQS 





1 . 0.230932E-02 0.2 5 6 5 9 13 -0 3 0.350076E-02
2. 0.490891E-03 0.6 13 6 14E-04 0.171194E-02
3. 0.237526B-03 0.339323E-04 0.127306E-02
k . 0.231783E-03 0.386305E -0 4 0.135833S-02
5. 0.172507E-03 0.345013E-04 0.128369E-02
F. TEST
EQUATION NUMBER 2 3
BEGS OF FREEDOM 8 7
VALUE OF F RATIO 29.635 7.467




5 0 .0  2 5 .0
ORTHO-IODOANILINItM ION ITT FmrfitnMPW 'nmrcrap 
CLARKE AND GLBW EOLATIONS
STANDARD ERRORS
NO. VARIABLES 1 2 r  “
DELTA G - 1  „4400 -0.7042 -0 .5 2 3 7
DELTA H 28 • 84 22.58 19 .9 0
DELTA S 0.0968 0.0758 0.0668
DELTA CP 0.0000 2.0228 3 *14.442
DCP/DT 0.00000 0.00000 0.33655
D2CP/DT2 0.00000 0.00000 0.00000
D3CP/DT3 0*00000 0.00000 0.00000
NO. VARIABLES 4 5
DELTA G -0.5587 -0.5280
DELTA H 43.34 44.87
DELTA S 0.1454 O.I5O5
DELTA CP 3.7687 10.3639
DCP/DT 1.11099 1.08529
D2CP/DT2 O.III32 O .42339
D3CP/DT3 0.00000 O .04275
ORTHO-IOPOAMLIHTUM i o n  i h  s t a n d a r d  b u f f e r  
CLARKE AMD GLEW EQUATIONS
KO. OP VARIABLES 2









3 2 3 . 1 5






















2 .1 6 8
2.121
0.001+









- 0 .02 2
H XTRAPOLA T I  OÎI 'PROCEDURE 
THERMODYNAMIC PKAS
ORTHO—IODOAHILIITI UM IQU IN HGL SOLUTIONS
TEMP PKA SLOPS
io.o 2 ,7 8 7 O .78976 0.44799
1 5 . 0 2,702 2 .0 5 1 7 8 0.85760
20*0 2 .6 1 9 2 . 8 5 1 7 7 0.90750
2 5 .0 2 .5 4 4 3 .OO465 0.89987
3 0 .0 2 .4 7 3 5 •68Û62 0.98201
3 5 . 0 2 . 4 1 1 3.30834 0.92846
40.0 2 .3 4 4 4.00188 0.97893
45.0 2.282 3 .5 6 3 1 1 O . 9 6 1 89
5 O.O 2.225 3*66969 0.97621
55.0 2.168 3.6 5 4 2 1 0.97974
60.0 2.1 06 4 . 1 1 9 3 2 0.99279
ORTHO-IODOAIvILIUIUM IN HOL SOLUTIONS
AVERAGE 
STD DEV
SLOPE = 3. 
= 0.9788
15356







10.0 2.779 2.791 2.78815.0 2.698 2 .7 0 7 2.70620.0 2.61 8 2.627 2.627
2 5 .0 2.543 2.^52 2.55130.0 2.475 2.482 2.484
35.0 2.411 2.4l 9 2 .4 19
4 0 .0 2.347 2.353 2.35545.0 2.284 2.29I 2.292
5 0 .0 2.227 2.233 2.23655.0 2.170 2 .1 7 6 2.178





1 0 . 0 2.789 2.793
1 5 . 0 2 .7 0 9 2 .7 1 3
2 0 .0 2.6 30 2.636
2 5 .0 2.555 2 .5 6 1
3 0 .0 2.488 2.493
3 5 . 0 2.423 2.429
4 0 .0 2 .36O 2.365
4 5 .0 2.296 2.302
5 0 .0 2.239 2.245
5 5 . 0 2.182 2.187
6 0 .0 2.1 22 2.128
ORTHO—10 DOANILINIUM IN HGL SOLUTIONS
LARKS AND GLSW BO.UAÏ— --------------- -  — U - I IONS
NO .VARIABLES 1 2 3
DELTA G 3U77.81 3U7U. 31 3U71.69
DELTA H 5729.OU 5332.63 5773.98
DELTA S 7.55 7.91 7 .7U
DELTA CP 0,0000 -11 .8812 -2 7 .1 6 6 2
DCP/DT 0.00000 0.00000 1 .6 6 0 2 8
D2CP/DT2 0.00000 0.00000 0.00000
D3CP/DT3 Oo00000 0.00000 0.00000
NO.VARIABLES IT 5
DELTA G- 3U71.72 3U71.63
DELTA H 5820.60 5823.35
DELTA S 7.88 7.89
DELTA CP -28.0601 - 29.5208
DCP/'DT 0.53001 O.US878
D2CP/DT2 0.11967 0.18122
D30P/DT3 0.00000 -0 .006U 2
ORTHO-IODOANILINIUH ION IN HCL SOLUTIONS
CLARKS AND GLEW EQUATIONS
STANDARD ERRORS






d c p /d t
D2CP/DT2
D3CP/DT3
-0 .6 2 7 9  -0 .6 8 7 04 8 .7 1  5 8 .3 8
O.I634 0.195 84 .2 3 4 6  1 3 .4 8 3 4
1 .24861 1 . 4 1 1 9 6
O.1 2 5 IO O .55083
0.00000 0 .0 5 5 6 2
193
ORTHO-IODOAÌIILimiJM ION IN HCL SOLUTIONS 
CLARKE AED GLBW EQUATIONS
EQUATION
NUMBER
r é s i d  s u m  s q s
R LN K
V/Tr i a n ü b
R L ri K
STD ERRÜR 
PKA
1 0.328014E-02 0.364460E -0 3 0.4172223 -02
2 0.11 631 9E-02 0.14 539 9 3-0 3 O.263525E - O 2
3 0.3374083-03 0.43201IE-04 O.I5I7 3 OE-O2
h O.29276ITO-O3 0.4879343-04 0 .1526593-02
5 0.291 9843-03 0.5839673-04 0.1670083-02
F TEST
EQUÀTIOK m j m b e r O 3 k 5
REGS OP FREEDOM 8 7 6 5
VALUE OP P RATIO 14 .5 6 0 1 7 . 1 3 2 O .9 15 0.01
NO SIGNIFICANCE PERCENT 1 .0 0.5 5 0.O 5 0.
ITO. OP VARIABLES 3







3 1 3 . 1 5
31 8.15
3 2 3 . 1 5
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como cm m o j - o c O L n ^ o  
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O R T H O — MTROAITILIimiil IOff 
E XTR A POL A TI O N  PROCEDURE 
THERliODYKAMIC PKAS
TEMP RCA SLOES
1 0 , 0 -0 .1 8 0 0 . 1 8 1 7 3 0.99803
1 5 . 0 -0.201 0 . 1 8 2 2 2 0.99751
20.0 -0.225 0.18323 0.99820
2 5 .0 -0.251 0.18623 0.99892
3 0 .0 -0.271+ 0.1 81{.2ij. 0.99922
35.0 -0.298 0.18 5 2!* 0.99956
1+0.0 -0.323 0 .1 821*9 0.9981*9
1+5 . 0 -0.3U6 0 .1 7U78 O .99898
50.0 -0.376 0.17925 0.99712
55.0 -0.1+00 0.17355 0.9981*8
60.0 -0.1+21+ 0.16733 0.99829
ORTHO-NITROANILIHIUM ION 
CLARKE AMD SLEW EQUATIONS
HO .VARIABLES Ï 2 3
DELTA G - 3U 3 .7 6 -336.93 -3 3 6 .8 2
DELTA H 2179.38 19 5 8 .2 5 1960.24
DELTA S 8.46 7 .7 0 7 .7 0
DELTA GP 0.0000 2 5 .3 6 3 3 2 5.9417DCP/DT 0.00000 0.00000 -0.06283
D2CP/DT2 0.00000 0.00000 0.00000
D3CP/DT3 0.00000 0.00000 0.00000









1941.53 19 6 2 .2 5
7.64 7.71
26.3534 1 5 . 2 5 5 5
O .45765 0 .1 4 7 2 0
-O.O5 5 1I O.4085O
0.00000 -0.04831
ORTÏÏO-NITROANILINIÜM ion
CLARKE AMD GLBW EQUATIONS
STANDARD ERRORS
NO.VARIABLES 1 2 3
DELTA G- -2 .9 5 7 0 - 0.3031 - 0 .3220
DELTA H 59 * 22 9 .7 2 1 2 .2 3
DELTA S 0 .1 9 8 9 0.0326 0.0 410
DELTA OP 0 .0 0 0 0 0.8708 2 .1 1 7 6
d c p / d t 0 .0 0 0 0 0 0.00000 0.20692
D2CP/DT2 0.00000 0.00000 0 .0 0 0 0 0
D3CP/DT3 0.00000 0 .00000 0 .0 0 0 0 0
NO .VARIABLES t r 5
DELTA G -0 .3 2 8 9 - 0 .24 21
DELTA H 25.51 20.58
DELTA S 0.0856 0.0690
DELTA CP 2 .2 1 8 0 4 .7 5 21
DCP/DT 0 .6 5 4 0 0 0.49763
D2CP/DT2 0.06553 0 .19 4 13
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DAVIES EQUATION CORRECTION
IOHIC STRENGTH =: 0.041800
038MP PKA PKA
(EXEER) (IONIS c o r r ) (d a v :
5 . 0 5.324 5.328
1 0 . 0 5 .2 2 2 5.226
1 5 . 0 5 . 1 2 3 5.126
2 0 .0 5 .0 3 1 5.03425.0 4.938 4.941
3 0 .0 4.853 4.856
3 5 . 0 4.770 4.772
4 0 .0 4.689 4.691
4 5 .0 4.617 4.619
5 0 .0 4.548 4.550
PKA














20.0 5 » 068
















IONIC STRENGTH = 0.108000
5.0
10.0








5.408 5.423 5 . 1 8 0
5.309 5.324 5.078




4 .8 5 2 4.862 4.6o6
4.773 4.782 4.524
4.698 4.706 4.446
4.630 4 .638 4.374






5 . 0 5.155 0.26335 0.724820
1 0 . 0 5.050 0.293441 0.807246
1 5 . 0 ¿4.950 0.224987 0.81692420.0 ¿4.859 0 .19 8 5 6 0.75553
2 5 .« ¿4.762 0.22723 0.830247
3 0 . 0 ¿4.677 0.17819 0.805724
3 5 . 0 ¿4.59i4 0.13071 0.762496
¿40.0 ¿4.510 0 .1 ¿41 ¿46 0.875824
¿45.0 ¿4.i437 0.08126 0.93265
50.0 4*366 0.07800 0.99137
AVERAGE SLOPS = 0.182421
STANDARD DEVIATION = 0.075U0
TEMP PKA FKA FKA PKA
1= 0 1 =0 .02418 1=0.0681 1=0.1080
5. 0 5 . 1 6 1 5.328 5.386
10. 0 5 .0 5 8 5.226 5.283
1 5 .0 ¿4.955 5.126 5.181
20. 0 ¿4.860 5.0324 5.087
25. 0 24.765 ¿4.9241 ¿4.9924
30. 0 ¿4.677 ¿4.856 ¿4.906
35. 0 ¿4.590 24.772 ¿1*821
¿40. 0 ¿4.507 ¿4.691 ¿4.738
245.0 ¿4.2430 ¿4.619 li*662
50. 0 ¿4.358 ¿4.550 ¿4.592
5.¿433








3. 5-DIMETHYL A N I L I N I U M  I OKS 2 0 6

























" 3 .... -
6 5 0 1 .2 7  
7478.52  
3 .2 8  
-1 1 . 9 2 8 0  
-1 .I+i+4 1 9 
0.00000 
0.00000
NO. VARIABLES ij. 5
DELTA G 65OI .95 6 5 0 1 .6 7
DELTA H 7464.96 7425.83
DELTA S 3.23 3 . 1 0




EQUATION RESID SUM i 







3 0 .1 3 Ö898E - 0 3
4 0.889476E -0 4
5 0.603415E-04
0.329705E - 0 3
0.678926E -0 4






O.9 2 1773E-03 
0.848828E-03
STANDARD ERRORS








-1.7120 - 0.7769 -O.lji-I-Ol].
35.96 1 6 . 7 3 2 3 . 5 5
0.1208 0.0562 0.0790




5. 5—DIMETHYL ANILINIUM ION













0 .0 7 7 2  
4 .81+37 
0.1+0215 











EQUATION NUMBER 2 3 4 5
DECS OF FREEDOM 7 6 5 2+
VALUE OF F RATIO 31.850 15.781+ 2.358 1 .8 9 6
NO SIGNIFICANCE :PERCENT
0.1 1 .0 25.0 2 5 .0
NO. VARIABLES 2
TEMP EXPER PKA CALC PKA DEVIATION
2 7 8 . 1 5 5.161 5.163 -0.002
2 8 3 . 1 5 5.058 5.058 0 .0 0 0
288.15 4.955 4.957 -0.002
293.15 i|#8 60 1+.860 0.000
298.15' 11.76 5 4.767 -0 .0 0 1
3Ö3 . 1 5 1+.677 1+.677 -0.001
308.15 u .59 0 4.591 -0 .0 0 1
313*15 2+.507 4.508 - 0 .0 0 2
318.15 k*k30 1+.429 0i001
323.15 4.358 . 4,3.52---- _  Q.-0-Q7.___
3.5—DIMETHOXYANILINIUM ION
DAVIES EQUATION CORRECTION
IONIC STRENGTH = 0.020170
TEMP PKA PKA PKA
________ (EXPEB) IONIS CORR DAVIES PORR
5.0 1+.321+ 4.343 4 .221
1 0 . 0 I+.230 4.248 4 . 1 2 5
1 5 . 0 1+.11+2 4.159 4 .035
20.0 I+.O55 4.071 3 .945
2 5 .0 3.966 3.981 —T•S.854
30.0 3.895 3 .9 0 9 -z_>.781
35.0 3 .8I6 3.828 3 .700
1+0.0 3.746 3.757 3 . 628
1+5.0 3.682 3.692 3 .561
50.0 3 .6 2 0 3 .63 0 —*.497
IONIC STRENGTH = O.03OI 80
5.0 4.342 4.355 4 .210
10.0 4.21+8 I+.26I 4 .114
15.0 4.157 4 .16 9 4 .021
20.0 4 .O7O 4.081 3 .932
25.0 3.985 3.995 -7n1.845
30.0 3.909 3.9 1 8 3-.767
35.0 3.834 3.843 3 .690
1+0.0 3.762 3 .7 7 0 3 .61 5
1+5.0
5 0 .0
3 .7 0 0
3.637







3,5-Di;[lETHOXYAPTbiNim; i o n
DAVIES SaUATIOl'.:■ 00:EJECTION
IONIC STREEG-TH = 0 .0 4 0 13 0
TEMP PKA Pi'sA FKA
(EXPSR) IONI3 CORI? DAVIES CORK
5.0 4.362 4 .3 7 2 4.208
10.0 4.267 4 .2 7 7 4.1 1 1
15.0 4.175 4 01 84 4.017
20.0 4.070 4.098 3.930
2 5 . 0 4.0Ò6 4.1 04 3 ® 844
30.0 3.S26 3.933 3 .7 6 2
35.0 3.852 3.859 3.686
40.0 3.781 3.787 3.613
45.0 3 . 7 1 7 3.723 3.547
50.0 3.655 3 « 660 3.483
IONIO SVRSFÖ-TII = 0 .060200
5.0 4 .3 9 5 4.4 02 4.208
10.0 4 .30 1 4.308 4.112
1 5«0 4 . 2 1 0 4*21 6 4 .0 19
20.0 4 . 1 2 4 4 . 1 3 0 3.931
25.0 4.042 4.048 3.847
30.0 3 .9 5 9 3.964 3.762
3 5 . 0 3.883 3.888 3 * 684
I4O 0O 3.813 3.817 '1.61 2
45.0 3.746 3 .7 5 0 3 .5 4 2






5.0 4. 222 - O .26904 -0.73719
10o0 4.126 - O .26794 -0.72104
15.0 4.035 -0.32548 -0.69942
20*0 3«9U6 -O .29226 -0.68761
2 5 .0 3.852 -O0I27OI -0.46902
3 0 .0 3.784 -0.42020 -0.79591
35.0 3.703 -0.35900 -0.87195
40.0 3.630 -0.34754 -0.81 221
45.0 3.567 -0.1)4470 -O.93O86
50.0 3.503 -0.46698 -0.93444
3. 5-DIKBTHOXrANILIjnUM ION
DAVTBS EQUATION OOKREOTION
AVERAGE SLOPE =-0.33201 







5.0 1+.221+ u.31+3 1+.35510.0 1+.128 U .2I4.8 1+.261
1 5 . 0 1+.036 1+.159 1+.169
20o0 3.947 1+.071 1+.C81
2 5 . 0 3.860 3.981 3.995
3 0 . 0 3.780 3.909 3.918
35.0 3.702 3.828 3.81+3
1+0.0 3.629 3.757 3.770
1+5.0 3.563 3.692 3.707

































3,5-CILIE THQJXYA NIL I IjIUH ION
OLARKB AHI) CLSV/ JTETIONS
FO»VABXAI'LES 1 2 3 ’
DELTA G 5 2 7 4 .6 6 5266.90 5267.40
DELTA H 6 6 6 2 .q.2 6635.02 6 7 8 1 .39
DELTA S u .  65 U .79 5 .O8
DELTA OP 0.0000 - 22.9560 -2 0 .2 8 0 2
d c p / d t 0 *00000 0.00000 . 1.L566U
D20P/DT2 0.00000 0.00000 0 .00 0 00
D30P/DT3 0.00000 0.00000 0.00000
D O .VA3IABLES 4 5 . .
DELTA G- 5 2 6 7 .2 6 5267.45
DELTA H 678I+.I 8 6 810 .61
DELTA 3 5 .O9 5.18'
DELTA CP - 2 1.73 8 8 -1 8 . 8 2 1 5
DCP/DT -1 .52396 -2 .8 7 13 1
D20P/DT2 O.O359O -0.06137
D3CP/DT3 0.00000 0. OI 1-481
1, 5-DIRfiPIOXYANILINJUI.I XON
OL.-.ftKE AX'D OLE ,7 EQUATIONS 
3TAÜDARD E R20RS
h o .v a r i a b l e s 1 2
CÎ3<îC-tj~j -2.5370 -0.7407 _n vj.yn
DELTA H 53.2? 1 5.95 1 Q' pi1ŝ-* W 1
IELTA 3 0.178? 0.0535 0.0624
IELTA OP 0.0000 2.4633 1 »2717
d c p / d t 0.00000 0.00000 0.28720D20P/DT2 0.00000 0.00000 0.00000
D30P/DT3 C.00000 0.00000 0,00000
HO .VARIABLE3 ¿4 3 ______
D3LTA G - O .377O -0 .3 8 5 5
IELTA H 2 1 .3 3 3 7 .5 2
DELTA S O.O732 O . I252
DSLTA CP 4 . 5 9 1s 5 .7404
DGP/DT 0 .3 8 1 2 4 1 .56733
D2GP/DT2 0.10785 0 ,1 5 5 8 4
D3CP/DT3 OoOOOOO O.O5O7I
3. 5-DIMETKYOYYAWTLIKIUM ION 
CLARKE Arm qua EQUATIONS
214
NO. OF VARIABLES 2
TEMP EXTER PEA CALC PEA DEVIATION
278.15 4.224 4.231 -0.007283.15 4.124 4 .1 3 2 -0.004288.15 4.O36 4.038 -0*002293.15 3.947 3.948 -0.001298.15 3.860 3.862 -0.002303.15 3.780 3.780 0.000308.15 3.702 3.702 0.000313.15 3.629 3.628 0.001318.15 3.563 3.557 0.006
3 2 3 .15 3.498 3.489 0.009
F ÜBST
EQUATION NUMBER EEGS OF FREEDOM 
VALUE OF F RATIO NO SIGNIFICANT PERCENT
2 3 4 5
7 6 5 486.850 25.724 0.111 0.7810.1 0.5 50.0 50.0
BQTTATiW TrestP SUM SOS VARIANCE STD skkuk





O .8 17 IO8B-O4
O.79939IB-O40.668842E-04
O.72403IE-0 3 0O.588O58E-O2 O.617I8CE-04 O.1716 9IB-O2
0.13 6 185E-04 O.8O6503E-O3O.159878B-0 4 O.893663E-O3O.1672IIE-O4 O.893663B-O3
3 .5-DIGHLQROAI'TILXNIUM ION
DAVIES EQUATION CORRECTION
MOLALITY OP PHOSPHATE = 0.026000
TEMP PKA EKA-------- W k -------
________ (EXPERT IONIS CORE DAVIES OORR
1 0 ..0 2.735 2.750 2.593
15..0 2 .6 6 8 2 .6 8 3 2.525
20..0 2 .6 0 0 2 .611). 2.1+55
25.,0 2.532 2 .5U6 2.386
30.,0 2.1+72 2.1+85 2.321+
35. 0 2 .1+10 2.1+23 2.261
1+0 .,0 2.355 2.367 2 .201+
1+5.,0 2 .3 0 0 2 . 3 1 2 2.11+7
50.,0 2.21+5 2 .2 5 6 2.091
55.,0 2 . 1 87 2.197 2.031
6 0.,0 2.133 2.11+3 1.975
MOLALITY OP PHOSPHATE = 0.030100
1 0 .0 2 .71+6 2.760 2.593
15. 0 2.678 2.691 2 .521+
2 0.0 2 . 6 1 0 2.623 2.1+55
25. 0 2 .51+2 2.555 2 .3 8 5
30. 0 2.1+83 2.1+95 2.325
35. 0 2 .1+21 2.1+33 2 .2 6 1
1+0.0 2.366 2.377 2.205
1+5.0 2 . 3 1 0 2 .3 2 1 2.11+7
50. 0 2 .2 5 6 2 .2 6 6 2.091
55. 0 2 . 1 98 2.208 2.0 32
60.0 2.11+5 2 . 1 5l+ 1 .977









10.0 2.767 2.779 2.597
15.0 2.698 2.710 2.526
20*0 2.630 2.641 2.457
2 5 .0 2.563 2.574 2.388
30.0 2.50 2 2.51 3 2 .3 26
35.0 2.1441 2.451 2 .26I4.
40.0 2.385 2.395 2.206
45.0 2 .3 3 2 2.342 2 .1 5 1
50.0 2 . 2 7 7 2..286 2.094
55.0 2.218 2.227 2.033
60.0 2.1 6 k 2.172 1 .9 7 8
MOLALITY OF PHOSPHATES = 0.046800
10.0 2 .7 9 0 2.800 2.604
I5 .O 2 .7 2 0 2.730 2.533
20.0 2 .6 5 2 2.662 2.463
2 5 .O 2.586 2.596 2.396
3 O.O 2,528 2.535 2.333
35.0 2.465 2.475 2 .2 7 2
Ì4O.O 2 .4 1I 2.420 2.21 6
U5oO 2.354 2.363 2 . 1 5 8
5 0 .0 2.297 2.306 2.099
55 « 0 2.240 2.248 2.040







10.0 2*576 0 #UU261 0.95858
1 5 . 0 2.51 2 0.32602 0.90409
20.0 2.1*2 0 .3 3 2 5 5 0.91480
25.0 2.369 0.41940 0.93660
3 0 . 0 2.311 0.35518 0 . 9 1 1 7 1
35.0 2 02Í44 O .44768 0.93477
40.0 2 .1 8 6 0.47430 0.89557
45.0 2 . 1 3 1 O . 4 3 1 7 2 0.96151
5 0 .0 2.0 79 0.33590 0.98755
55.0 2.018 0.35871 0.95362
60.0 1 .964 0.30603 0.95514
3.5- d i c h l o r o a n i l i n i u m  i o nD A V IS  S EQUATION CORRECTION
AVERAGE SLOES = 0.381+55 
STD DEV = 0.59200 -01
TEMP PKA PKA PEAoii*-rr* ¿•-=0.0260 I,1=0.03011 0 .0 2.579 2 .7 5 0 2.7 6 015.0 2.509 2.683 2.691
20 o 0 2.1+1+0 2 .6 11+ 2.623
25.0 2.371 2.51+6 2.55530.0 2.309 2 0I|.85 2.1+9535.0 2.21+7 2.1+23 2.1+33
1+0.0 2.190 2.367 2.377
1+5.0 2.1 31+ 2.312 2.321
50.0 2.077 2.256 2.266
55.0 2.017 2.197 2.208







1 0 . 0 2.779 2.800
1 5 . 0 2 .7 1 0 2.730
20.0 2.61+1 2.662
2 5 .0 2.571+ 2.596
3 0 .0 2.513 2.535
3 5 .0 2.1+51 2 ©¿4-75
1+0 .0 2.395 2 .1+20
1+5.0 2.31+2 2 .3 6 3
5 0 .0 2.286 2.306
55.0 2.227 2 .21+8
60.0 2 .1 72 2.193
3 .5-DICHLOROANILINIUM ION
GLARES AND GLEW EQUATION















3 2 3 9 .2 6  
5263.60  
6.79  





5 2 1 4 .6 3
6.63
-10.1180 























- 1 .31187 
1 .13313 
-0.09321
3. 5—DICHLOROANILINIIM ION 
CLARKE AND G L Ìi J  EQUATIONS
STANDARD ERRORS
NO.VARIABLES 1 2 3
DELTA G -1 .1309 -1.0881 -0.7268
DELTA H 22.65 34.89 27.62
DELTA S 0.0761 0.1171 0.0927
DELTA OP 0.0000 3.1257 4.7805
d c p / d t 0.00000 0.00000 0.1+6712
D20P/DT2 0.00000 0.00000 0.00000
D3CP/DT3 0.00000 0.00000 0.00000
NO.VARIABLE S 4 . 5 _______
DELTA G -0.61 36 -0.1+321
DELTA H 1+7.59 36*72
DELTA S 0 .1 5 9 6 O.I232
DELTA CP U.I376 8.1+807
DCP/DT 1.22002 0.83808
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3. 5— DIBROMOAPILINIUM ION 
DAVIES EQUATION OOKREOTIOB
AVERAGE SLOPE = 0.55272 


































2 .3 6 0
2.305


















































Rii o: Ì.T AI TT  P Hi AS
X3MP PKA SLOPE
1 0 . 0 2 o 50O O.4943O
1 5 . 0 2.483 0.60236
2 0 .0 2.41 6 0.63447
2 5 .0 2 .3 5 3 0.59944
30.0 2.289 0 . 6 1 1 3 3
3 5 .0 2 .2 3 9 0.46269
4 0 .0 2 . 1 7 6 O .52387
4 5 .0 2.120 O .5 5 7 2 7
50.0 2.053 0.53544
5 5 .0 2 .OO5 0.53388
60.0 1 . 9 5 4 0.46488
0.89413 
O .89J4I 3 








CLARKE AJvD GLBW EQUATIONS


























1 .510 9 7  
0.00000 
0.00000
NO .VARIABLE S 4  ' 5
DELTA G 3 2 1 2 . 6 7 3 2 1 1 . 4 5
DELTA H 5 13 9 .4 1 517 6 .4 9
DELTA S 6*li-6 6.59
DELTA OP -9.0024 -28.6847
DCP/DT 0 .73 57 1 0.18011
D2CP/DT2 0.08208 0.91142
D3CP/DT3 Oo00000 -0. O86I4.6
3. 5—DIBROMOAPILIDIUM ION 
CLARKE AND GLKW EQUATIONS
3TABDARD ERRORS
DO .VARIABLES 1 ' 2 3
DELTA G -1 .1182 -0.9720 -0.5387DELTA H 22.39 3 1 . 1 7 20.47DELTA S 0.0752 0.1046 0.0687
DELTA CP 0.0000 2.7322 3.5434DOP/DT 0.00000 0.00000 0.34624D2CP/DT2 0.00000 0.00000 O/OOOOO
D30P/DT3 0.00000 0.00000 0*00000
DO.VARIABLES 5
DELTA G -0.5571 -0.3799
DELTA H 43.21 32.29
DELTA S 0.1449 0.1083
DELTA GP 3.7565 7.4568




CLARKE AND SLEW EQUATIONS
EQUATION E E SID“SÌÌH SQS ^VÄRIÄMCE STD EERÜR
3 .5-DIBROMOANILINIUm ION
NUMBER R m  K R LN K PKA
1 0.1 392Z+8E-02 0.151+719S-03 O.27I 81+1 E -022 O.9353375-O3 0.1 1 6 9 1 7 3 -0 3 0.236309E-02
3 O.251398E -O 3 0.3 5911+05 -01+ 0.130971S-02
i+ 0.230393S-03 0.383988E-01+ O.I35I+255-O2
5 0.893031IE-01+ O.I78607E-OI+ 0.923615E-03
F TEST
EQUATION NUMBER 2 3 4 5
DECS OF FREEDOM 8 7 6 5
VALUE OF F RATIO 3.910 19.01+1+ 0.547 7.899
NO SIGNIFICANCE PERCENT 10.0 0.5 5 0 .0 5 .0





2 9 8 . 1 5 2.355
3 0 3 . 1 5  2.291
3 0 8 . 1 5 2 .23I+
3 1 3 . 1 5  2.175
3 1 8 .1 5  2 .1 2 0
3 2 3 . 1 5  2 .O63
3 2 8 . 1 5  2.005








2 .1 7 0 0.005
2.118 0.002
2 .O7 O -0.007
2.021+' -0.019
1 .980 -0.030
3. 5—DIIODOAN I L i m U M  ICM 229
DAVIES E Q U A T I O N  CORRECTION 







10.0 2.746 2.747 2.58915.0 2.675 2.676 2.51820.0 2.607 2.608 2 #i|i{.825.0 2.548 2.549 2.38830.0 2 ̂ Î4.8I4. 2.485 2 .3 2 335.0 2 .4 2 7 2.428 2.26540.0 2 . 3 7 3 2.374 2 .2 1 0
45.0 2 . 3 1 7 2.318 2 . 1 5 350.0 2 .2 6 5 2.266 2 .1 0 0
55.0 2.212 2.212 2.046
60.0 2 .1 6 6 2 . 1 6 6 1.999
M O L A L I T Y  OP PHOSPHATE! = 0.030100
10.0 2.756 2.757 2.590
15.0 2.685 2.686 2.518
20.0 2 .6 1 8 2.619 2.450
2 5 .O 2.559 2.560 2.390
30.0 2.497 2.498 2 .3 2 7
35.0 2.438 2.439 2.267
4o.o 2.384 2.385 2.212
4 5 .0 2.327 2.328 2.154
50.0 2 .2 7 6 2.276 2.101
55.0 2.223 2 .2 2 3 2.047
60.0 2.177 2.177 2.000
3. S-DIIODOANILIHIUM ION 230
D A V I E S  E Q U A T I O N  C O R RECTION 







10.0 2.778 2.779 2.59615.0 2.708 2.709 2.52520.0 2.6S0 2.641 2 .I+56
2 5 .0 2 .580 2 .5 8 1 2.395
3 0 .0 2.517 2 . 5 1 7 2 .3 3 0
35.0 2 .1+60 2.46O 2.273
40 o o 2 .1+06 2.406 2.217
1+5.0 2.350 2.350 2 .1 6 0
50.0 2 o 23 8 2.298 2 . 1 0 6
55.0 2.21+5 2 .21+5 2.052
60.0 2.199 2 .1 9 9 2.005
MOLALITY OP PHOSPHATE = 0.01+6800
10.0 2.799 2.799 2.603
15*0 2.731 2.731 2.534
20.0 2 .66I 2*661 2.1+63
2 5 .0 2.602 2.602 2.1+02
30.0 2.539 2.539 2.338
33 • 0 2.1+80 2.1+80 2.278
i+o.o 2.1+28 2.1+28 2.221+
1+5.0 2.372 2.373 2 . 1 6 7
5Ô*0 2 .32I 2 .32I 2.111+
55.0 2.266 2.266 2.058
60.0 2.219 2.219 2.009
3, 5—nCXODOAHXLXHIUM ICH 231EXTRAPOLATION PROCEDURE
THERMODYNAMIC PKAS
TEMP PKA... . _ SLOPE
10o 0 2.56 9 0 .5 5 7 7 5 0. 93868
1 5 .0 2.49 3 O.66759 0. 981542 0.0 2 .4 2 7 O.57552 0 . 99520
2 5.0 2 .3 6 8 O.55696 0 . 98700
3 0 .0 2.30 4 O.56169 0.’98898
3 5 .0 2 .2 4 7 O.516 75 0 . 99783
4 0.0 2 .18 9 O.58088 r\4/ 099149
4 5.0 2 .1 3 2 O.53396 0. 98342
50.0 2.0 79 0 .5 9 3 6 8 0. 9 8I4I1I
5 5 .0 2 .0 2 8 O .5O I I 5 0. 9944260» 0 1 .983 0 .45780 0. 99648
A V E R A G E  SLOPE = 0.55943 




2 0 .0  







PKA PKA PKA PKA





2 .4 2 8
2.368












2 .428  
2.374 
2 .3 1 8  
2.266 
2 .2 1 2  




























2 .4 2 8
2.372
2 .3 2 1
2 .2 6 6
2.219
3. 5-DIIOPOANILIHIUM i o n s  
CLARKE AMD (SLEW EQUATIONS
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NO. VARIABLES
DELTA Or 3230.21 3229.02 3227.95DELTA H 5084.47 5122.87 5103.52DELTA S 6*22 6.35 6.29DELTA CP 0.00000 *-*¿1̂ 14.050 -IO.O242
DCP/DT 0.00000 0*00000 0.61037D20P/DT2 0.00000 0.00000 0*00000
D3CP/DT3 0*00000 0.00000 0.00000
NO. VARIABLES ij. _  5 . ______
DELTA G 3 2 2 7 .9 1 3227.300
DELTA H 5053.52 5072.070
DELTA S 6*12 6 .19 0
DELTA GP - 8.9239 -18.7714
DCP/DT 2.0 0 16 9 1.723710
D2CP/DT2 -0.14731 0.267630
D3CP/DT3 0.00000 -O .04326
1
EQUATION RE SID SUM SQS VAStiSCE STD ERROR”






















DEG-S OF FREEDOM 
VALUE OP F RATIO 
NO SIGNIFICANCE PERCENT
2 3 4 5
8 7 6 5
1+.711 2.042 1.289 0.632
1 0 . 0  2 5 .0 50.0 5 0 .0
3. 5-DIIODOANILINIUM IONS 233
GLABRE AUD SLEW EQUATIONS
STANDARD ERRORS
HÜ. VARIABLES 1 2 3
DELTA G -0.8397 -0.7066 —0.6646
DELTA H 1 6 . 8 2 2 2 .6 6 2 5 .2 5
DELTA S 0 .0 56 5 0.0760 0.0847
DELTA OP 0.0000 2.0 296 4 . 3 7 1 3DCP/DT 0.0000 0.0000 0.Ì-Ì.2 7 1UD2CP/DT2 0.0000 0.0000 0.00000
D3CP/DT3 0.0000 0*0000 0.00000
HO. VARIABLES 5 .
DELTA G - 0 . 6 5 1 3 -0 .67 23
DELTA H 5 0 .5 2 5 7 . 1 3
DELTA S 0 .1 6 9 5 0 . 1 9 1 6
DELTA OP 4 .3 9 2 1 1 3 . 1 9 5 0
DCP/DT 1 .2 9 5 0 4 1 . 3 8 1 7 5
D2CP/DT3 0 . 1 2 9 7 6 0 .5390 4
D3CP/DT3 0*00000 0 .0 5 4 4 3
HO. OP VARIABLES 1
TEMP EXEER PKA CALC PKA DEVIATION
283.15 2.569 2.564 O.OO4
2 8 8 . 1 5 2.498 2.497 0.001
2 9 3 . 1 5 2.428 2.431 -0.003
2 9 8 . 1 5 2.368 2.367 0.001
3 0 3 . 1 5 2 .3 0 4 2 .3OO -0.002
3 0 8 . 1 5 2.245 2.247 -0.002
3 1 3 . -15 2.190 2.189 0.001
3 1 8 . 1 5 2.133 2.134 0.000
3 2 3 . 1 5 2.081 2 .O8O 0.001
3 2 8 . 1 5










M P PKA SLOPS
10*0 0.337 0.18650 0.99984
15.0 0.299 0.18985 0.99977
2 0 .0 0.265 0.18653 0.9998/4
2 5 .0 0.226 0.19821 0.99997
30.0 0 .19 8 0.19155 0.99974
3 5 . 0 0 • 1 66 0.192i|0 0.99896
1+0 .0 0.134 0.197/41 0.99919
4 5 .0 0 . 1 0 7 0.1 8908 0.99765
5 0 .0 0.078 0.18909 0.99912
5 5 . 0 0.090 0.19077 0.99995
6 0 .0 0 .02/4 0.1899/4 0.99992
AVERAGE SLOPE = 0.19103
STD DSV = 0.003813
TEMP PKA PKA PKA





























0 .1 7 6  
0 .1 ¿46 
0 .0 9 6  
0.092
0 .3 8 2  
0.3U5 
0.310 















10*0 0.427 O.6I18 0.472
15.0 0.390 0 .6 1 2 0.436
20« 0 0.355 0.376 0.400
2 5 . 0 0.321 0.345 0.363
30.0 0.289 0 . 3 1 4 0.336
35.0 0.286 0.282 O .306
4o.c 0.227 O .2 5 2 0.278
45.0 0 .1 9 6 0.217 0.246
5 0 . 0 O.I67 0.191 O .2 1 6
55.0 0.11*0 O.I65 0.1 88
60.0 0 . 1 1 4 0.138 O . 1 6 0
OT.APKB ATTO GLEY7 EQUATIONS STANE»ARD ERRORS
NO. VARIABLES 1 2 . . 3
DELTA G -0.3367 -0.3473 -0.3381
DELTA H 6.74 11.14 12.85
1ELTA S ■ 0 .0226 0.0374 0.0431
DELTA CP 0.0000 0.9975 2.2241
DCP/DV 0.00000 0.00000 0.21732
D20P/DT2 0.00000 0.00000 0 .00000
D3GP/DT3 0.00000 0.00000 0.00000
NO. VARIABLES 4 . à__ — - __ _
DELTA 0 -0.2728 -0 .29 71
DELTA II 21 . 1 6 2 5 .2 5
DELTA S 0.0710 0.0847
DELTA CP 1.8394 5.8523
d c p / d t 0.54237 O.6I075
D2CP/DT2 0.05434 O .23826
D3CP/DT3 0.00000 0,02606
3i. 5-DIN I T R O A N I L I N I U M  I O N
O L A R K B  A N D  GLEW E Q U A T I O N S























3 1 3 . 8 7
2672.36
7 .9 1


























EQATION S3SID_SUI'<! SQS VARIANCE STD ERROR.' 
NUMBER R LN K R LN K PKA
1 0.126221E-03 o.ii*02U6s-oU 018154403-03
2 0.119371B-03 Ö.149214E-04 0.844203E-03
3 0.990413E-04 0.141488E-04 0.822055E -0 3
4 0.552396E-04 0.92066QE-05 0.663119E -0 3
5 0.546312E-04 0.109262E-04 0.722399^-03
P TEST
EQUlTfOiTSmiBER 2
DEG-S OP FREEDOM 8VALUE OP P R ATIO  0.459




50.0 1 0 .0  50.0
3. 5—PINI-PROANILINIUM ION 
CLARKE AND OLBW EQUATIONS
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NO. OP VARIABLES 1
TEMP EXEER PKA " c s n r H T “ DEflATIÖN '
283.15 0.335 0.331 0.001*
288.15 0.298 0.296 0.002
293.15 0.263 0.262 0.001
298.15 0.229 O .229 0.000
303.15 0.199 0.197 0.001308.15 0.167 0.166 0.001
313.15 0.137 0 . 1 3 7 0.001
318.15 0.106 0.108 -0.002
323.15 0.077 0.080 -0.002
328.15 0,050 0.053 -0.002
333.15 0.023 0.026 -0.003
CHAPTER 9 flBTTTflAT, EVALUATION OF RESULTS 238
The validity of experimental and extrapolated results can 
always he questioned. In this present study, for example, the 
following points could he queried.
(i) extrapolation procedures in obtaining thermodynamic values
(ii) buffer selection
(iii) calculation procedures
(iv) accuracy of the results
and therefore require to he satisfactorily answered.
Extrapolation Procedures
Thermodynamic pKa values have been obtained by extrapolation 
methods involving the apparent acidity constant values and the 
question may now be raised - does the thermodynamic pKa value at any 
given temperature vary with the method of extrapolation?
The Debye-Htichel and Davies equations are both capable of 
calculating the mean activity coefficient correction value and it 
is desirable to show that the use of the Debye-Htichel procedure would 
not lead to results which differ significantly from the Davies 
equation, which has been used in these present studies.
Pig# 9-1 shows for the amlinium ion a plot of the partially
corrected acidity constants against ionic strength. When using the
l"bDavies equation the parameter B was made adjustable to compensate 
















pKa*s vs \f ji for variations in ion size parameter values (a/) 
Compound is aniline at temperatures: 10°C, 25°C, 45°C.
10°C
-— .-----  i
0.10 0.20 0.30 0.40o a^ ss 8*5 □  ®i =* 4.5
A a. = 6*5 X  ai =
= Davies Equation
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the value of the ion size parameter, a^, were varied from 
3.0 A° to 8.5 A°. In every case and at different temperatures the 
plots were reasonably linear with a slope of zero at one particular 
value for a^. All plots gave the same thermodynamic pKa value at a 
given temperature thus showing that pKa is independent of activity 
coefficient correction procedure within the precision of the method.
Buffer Selection
Evidence that pKa values are independent of the chosen buffer 
is given in the studies carried out on ortho-chloro aniline and 
ortho-iodo aniline. For these two compounds a phosphate buffer and 
an hydrochloric acid »buffer" were used in experimentally determining 
the apparent acidity constants and as Table 9 - 1  shows the thermo­
dynamic acidity constants agree within experimental error even though 
the activity coefficient correction was necessary for the phosphate
buffer studies.
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TABLE 9 - 1
Effect of Buffer Selection on pKa values '
0- chi oro aniline 
buffer
0- iodo aniline 
buffer
Temp® Phosphate H Cl Phosphate H Cl
10 2 o891 2,894 2.764 2.777
15 2.815 2.820 2.684 2.696
20 2.738 2.744 2.604 2.617
25 2.658 2.665 2.532 2.542
30 2.588 2.593 2.462 2.474
35 2.520 2.526 2.398 2.410
40 2.455 2.460 2.334 2.346
45 2.393 2.399 2.272 2.282
50 2.334 2.343 2.211 2.226
55 2.272 2.280 2.155 2.168
60 2.214 2.225 2.098 2.108
Calculation Procedures
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The Clarke and Glew procedures^ , by their very nature,
should give precise thermodynamic values for the proton
dissociation of anilinium ions, which are the best values calculable
from the experimental data* In view of the historic importance
and frequent use of empirical expressions such as the Hamed-Robinson 
28equation however, it is of interest to examine the question of 
whether the use of an alternative procedure might have yielded 
different values for the thermodynamic functions*
Table 9 - 2  shows the result of analyzing the data for the 
meta-iodo anilinium ion by fitting, using least squares methods, 
to the data the empirical expressions*
(1) pKa = A/T “ B
equivalent to the integrated form of the Tan*t Hoff isochore.
(2) pKa = A/T - B + C T
the Hamed-Robinson equation.
(3) pKa = A/T - B  + C T - D T ^
An examination of Table 9 - 2  indicates that the F-test shows 
the three temperature—variable equation (3) to give the best 
representation of the data. This is in agreement with the Clarke 
and Glew analysis of this data. The values of the thermodynamic 
functions calculated by the Clarke and Glew three temperature- 
variable equation are A G  = 4s91 cal, A H  = 6326 cal,
¿ 3  = 4.81 cal deg'1 , AQp = 7-0 cal deg'1. Again the agreement
is seen to be excellent*
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Thermo dynamic functions of proton dissociation of the meta-iodo 
anilinium ion using empirical and non-empirical equations«
Equation pKa « A/T - 3 
Constants A  » 1363.02; B » 0.988147 
A  G 25° - 4888.7 ; A H  = 6237; a s  = 4-521
Equation pKa = A/T - B + C T
Constants A = 1230.49; B « 0.102930; C - -0.147479 E-02 
A G  = 4890.1; A H  = 6230; A S - 4.495; A P p  = 4.024
Equation pKa - A/T - B  + C T - D t
Constants A =* «-4060.635 B « -52.8944» 0 * «-0.178180
D « -O.I96126 E-03
G » 4890.7 ; A H  » 6325; /J s a 4*811; * 7*517
F test
Degrees of freedom 2
Value of F ratio 2.485
No. significance percent 25*0





A similar analysis was carried out for all the compounds of 
the present study and in every case the agreement between the 
thermodynamic function values calculated by the empirical and 
non-empirical procedures was well within experimental errora Note 
however that such agreement would not have been observed if the 
common procedure had been adopted of using the same empirical 
equation, for example equation 2, for all the data instead of using 
a statistical F-test to determine which empirical equation was most 
appropriate to the data®
Comparison of Results with those of Other Workers 245
Data of the type produced in this study, to have value, must 
he shown to be reliable and the validity of such data can best be 
assessed by comparing values obtained on the same compounds, using 
other methods, as well as similar techniques involving other workers«
That good to excellent agreement does occur is shown by comparing 
the various thermodynamic function values obtained at 25°, for certain 
of this present series of anilines with the values obtained by other 
workers as given in Table 9 - 3 ®
Nonetheless some comments on certain quoted values are in order«
The early results for aniline obtained by Pedersen*" using 
e0m*f* measurements at three temperatures between 15° and 35° agree 
reasonably well with the present results# Laidler and co-workers^ 
used a micr©calorimetric technique at 25° to measure A H 25 directly 
for aniline and for a series of methyl-substituted anilines and then 
combined these results with pKa values taken from the literature to 
calculate AS25 values. However in the light of later experimental 
work Chen and Laidler10 suggested that these results^ and others 
using a similar technique might contain serious systematic error*
Very recently, 0*Hara, Hepler and their various co-workers have 
reported new calorimetric measurements of the heats of proton ionization 
of the anilinium ion49 and the three toluidinium ions . These values 
agree very closely with those of the present study. Similar generally
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TABEE g - 3
Comparison of Bhermodynamic Functions of Proton Dissociation*
of the chosen Anilinium Ions
Aniline pKa25 ^ G25 A H 25 ñ S 25 A C p 25 Ref.











4* 606 6283 6500 0.74 47 Biggs4513




- 7240 3.3 - Hepler^











- - 8000 5.53 - Laidler^
4.715) _ EoBinson1^
4.734)
- 7370 3.I - 0*Haxa7
m-0CH- 4.204 5733 7013 4.29 13 Present work
5 (¿0.002)
«•









4.23 - mm - - Robinson












17Robinson3.52 - mm - mm
TABLE 9 - 3  (Continued)
Aniline p K a ^ &  ̂ 25 A H 25
m-Br 3.527 4809 6248




m-I 3.583 4891 6326
(¿0.003) (i 1 ) (¿16)
- 4894 5880
3.61 - _
m-N0p 2 .4 6 O 3534 4980
(-¡0 .0 0 2 ) ( -  1) (¿2 2 )
- 3358 4790
2 .4 6 - mm
3240 5600
p-CH, 5.083 6937 8057














^ S25 ACp25 Ref.



















5 .1 mm Halona^












mm mm Robins on^
TABLE 9 — 3 (Continued)
Aniline pKart_2 D a g 25 A H 25
p-Cl 3.982 5435 6633




p-Br 3*888 5303 6704





p-I 3.812 5205 6552




p-N02 1.016 1391 3417












A A Cp2^ Ref.





- - Robins on"S














- - Rob ins on"S








4-35 5 Present work
(¿0.05
1.7




3.9 - OfHara ^
TABLE 9 - 5  (Continued)
Aniline x>Ka_ ___21 A G 25 A H 25





0-C1 2.661 3634 5902






















A S 25 ACp25 Ref.











8.1 - 29Everett y
7-91 -18 Present work
(±0.09)
3.9
(± 2) -rj . 4BbBiggs
17Robinson
5.2 — Christensen^8






7.69 25 Present work
(±0.04)
6.82
C - 1 ) _. 48b Biggs T *7Robinson
TABLE 9 - 5 (Continued)
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__Z£2 ACp25 Ref 0
3.28 - 12 Present work
(±0.08) (± 2)
8.75 - Laidier^
5.08 - 20 Present work
(±0.06) (± 1 )
6.63 - 10 Present work
(±0.09) (± 4)
53Robinson
6.37 - 8 Present work
(±0.07) (± 3)
6.29 - 10 Present work
(±0.08) (± 4)
7.9I - 2 Present work
(±0.04) ( ± 2)
Note pKa25 is the thermodynamic acidity constant
■j
is in cal mole "̂5 AH^^-is in cal mole 5
is in cal deg'1 mole"1; is in cal deg-1 mole
2 51
close agreement is found with the recent work of Christensen and 
50co-workers who have measured heats of ionization of the three 
bromo-anilinium ions by a thermometric titration technique* Only 
the result for 0-bromo aniline differs significantly from that of 
the present study*
It should be noted that references ^ 9 ^ 9 ^  all either co-incide 
with or post date the publication of the results of the present work 
for the compounds mentioned *
48bBiggs , using essentially the same spectrophotometric technique 
as in the present study but over the much narrower temperature range 
of 20° to 40° at 5° intervals, has measured the thermodynamic functions 
of ionization for all the anilines of the present work with the 
exception of the 3,5 disubstituted compounds. Biggs did not list 
values for the thermodynamic functions but merely gave the pKa values 
over a range of temperature and reported that the AG25 AH25 values 
showed a linear relationship to each other. Some confusion has been 
caused by certain workers reporting in the literature values of the 
thermodynamic functions calculated from Biggs* data by various 
curvilinear equations although Biggs in fact indicated that he calculated 
his & H 25 and AS25 values from a relationship of the form
pKa ** a + b T
The values attributed to Biggs in Table 9 - 3  have been calculated 
by the Clarke and Glew procedure which confirms Biggs* choice of a 
linear relationship for the evaluation of the thermodynamic functions.
2 5 2
It will "be observed that there are generally wide discrepancies 
between the values calculable from Biggs' results and those of the 
present work. Biggs stated that his results were to be considered 
as preliminary values only since they were made during a rapid survey 
of the temperature effect* Furthermore the lack of details as to the 
range of ionic strengths over which the measurements were made and of 
what, if any, corrections were made to the measured pKa values, makes 
it impossible to assess the precision of these results#
A lack of confidence in the accuracy of Biggs1 data has recently
51 50been expressed by Hepler and Larson and by Christenson • These
criticisms, reinforced by the wide deviations of Biggs* results from
7 49 50those of the present work and of recent calorimetric measurements 9 9
suggest that all of Biggs* results can be safely disregarded#
253
CHAPTER 10 RELATIONSHIP BETWEEN THE THERMODYNAMIC FUNCTIONS 
OF PROTON DISSOCIATION.
Any explanation of the effect of structural changes on the 
equilibria of organic reactions must, in some way, reflect the 
inherent complexity of the problem* All explanations must involve 
some form of comparison with a suitable model or set of models and 
while one explanation may be complex in its mathematical structure, 
because of the large number of simple models that must be considered 
simultaneously, another explanation may be complex simply because the 
models themselves are complex.
When the explanation of substituent effects is given in terms of 
similar effects in a model reaction then the quantities to be compared 
are thermodynamic, usually A G  A H  and AS. As a result the change in 
A G  may be explained by a single interaction mechanism (that is the 
free energy depends only on a single pair of independent variables) or 
by two or more interaction mechanisms. A case of the effect of two 
simultaneously operating interaction mechanisms can sometimes result 
•j Yi the dispersion of thermodynamic relationships into pairs of parallel 
lines rather than a single line.
Free energy changes are related to enthalpy and entropy changes 
by the expression
A G  = A H  - T A S
and in a given reaction series substituents may affect both A  H and 
A  S. In this case, according to Ieffler and Grunwald , a linear
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relationship between A G  values for two reaction series would be 
expected to hold only if each series shows one of the following 
types of behaviour
(a) A S  is constant, that is isoentropic
0 0  A H  is constant, that is isoenthalpic, or
(c) A H  is linearly related to A S, that is an isokinetic or
isoequilibrium reaction series#
The expression  ̂ A H = p  <j A S, where the slope 3  has the 
dimensions of absolute temperature is a general representation of such 
an isoequilibrium relationship.
An interaction mechanism that has an important effect on enthalpy 
or entropy may exert merely a minor perturbation on AG. When there 
is one major interaction mechanism AG, A H  and /\S will be simple 
and easy to interpret, but reactions dependent on a single interaction 
mechanism are not usually met in practice. Even when a single interaction 
mechanism is at its best, that is when A H  and A S  give excellent 
correlation, there is always some scatter to suggest the presence of 
other minor interaction mechanisms. A high correlation coefficient 
of such plots then does not mean that a single interaction mechanism 
exists, or even that the sequence of points along the line is strictly 
correct, for the uncertainty of interpretation can be great when 
the isoequilibrium temperature, is close to the experimental temperature.
pig 10 — 1 is an isoequilibrium plot and shows that a high degree 
















Para Subst. Anilines 
Ortho Subst. Anilines 





-1  t -1A S  Cal.deg. mole
2 5 6
and para- substituted anilinium ions, The slope of this plot is
negative g iv in g  an isoequilibrium temperature of B = -15200./
54Exner^ has criticised this method of establishing an iso­
equilibrium relationship and a more theoretically acceptable method 
involves plotting A G ^  against A H ^ .  This is also a more logical 
method of establishing such a relationship for the proton ionization 
of anilinium ions since for this reaction substituent effects on /\ G 
and A H are much larger than their effect on AS. As fig 1 0 - 2  shows 
such a plot is even more linear with a slope of 1.2 17 from which 
= -1230 may be calculated by using the expression
¿ A  H = (T + y) /j S
where yB = (T + y) and y is the slope of a linear plot of A G against 
A  S, and T is the temperature of measurement.
Reaction series of negative isoequilibrium temperature appear to
54be quite rare but according to Exner this rarity is an artefact 
introduced by the usual method of establishing such a relationship.
For the vast majority of reaction series studied simultaneous 
changes in A\ H and A caused by substituent or medium changes $ 
occur in a compensating manner so that the overall effect of the change 
on the free energy of the reaction process is very small. The negative 
isoequilibrium temperature noted for the proton ionization of anilinium 
ions is a quantitative indication of the non-applicability of this 
"Compensation Law" 55“56- Thus, «* Table 9 - 5 shows, as A H  is reduced 




O  Meta Subst. Aniline
/\ Para Subst. Aniline
A H  Cal.mole-1
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increased, by a proportional amount and the total effect on A  G 
(» A  H - T ^ S )  is a reinforcement not a compensation. Thus the 
free energies (and pKa* s) of anilinium ion proton ionization 
equilibria are exceptionally sensitive to substituent effects. This 
is reflected in the very large Hammett equation (p value for this 
reaction (see Chapter Xl).
A negative isoequilibrium temperature has also been evaluated^ 9 ^  
for substituent changes in A  and for the ionization of phenols.
3  has been calculated as - 69° for meta-substituted phenols and - 121° 
for ortho- and para- substituted phenols.
The fact that a very precise Linear relationship exists between
A  G2<- and A H 2j_ for ^eta- and para- substituted anilinium ions
suggests that this isoelectric reaction process is dominated by 
internal^ substituent interaction mechanisms and this dominance is 
reflected in a relatively high susceptibility of the enthalpy component 
to substituent changes while the entropy part of the free energy change 
shows only a very minor dependence on the nature of the substituent.
Perhaps surprisingly, as Figs 1 0 - 1  and 1 0 - 2  show, three of 
the six ortho- substituted anilinium ions lie on the same strai^xt line 
as the meta- and para- compounds with only the three ortho-halogeno 
ions showing significant deviation. While the deviation of a single 
point from such a linear relationship could be attributed to 
experimental error it is rather less likely that the deviation of 
three points of similar substituent character can be so explained.
♦
2 5 9
Such a likelihood is further reduced by the fact that the values 
for the ortho-chloro and ortho-iodo compounds have been evaluated 
by two independent methods in different buffer media.
It appears then that this deviation is real for these ortho- 
halogeno amlinium ions and since the me ta- and para- halogeno ions 
do conform to a linear relationship it is almost certainly due to 
some type of proximity effect.
Alternatively it may be that a curvilinear line best describes 
the six ortho-substituted anilinium ions in which case no linear 
relationship exists, and proximity effects depend on the nature of 
the substituent.
This proton dissociation of anilinium ions in aqueous solutions
is traditionally considered a deviating reaction series because the-
acidity constants of many para-substituted anilinium ions do not conform
to the simplest Hammett equation. The proton dissociation of the
1Canilinium ion in aqueous solution is an isoelectric reaction and as 
such might be expected to be affected by solution only to a relatively 
minor extent. Since, at the simplest level, solvation factors are 
associated with entropy changes then substituent effects on the 
equilibrium might be reasonably expected to exert their major influence 
on the enthalpy changes and the results in Table 9 - 3  above indicate 
this to be the case.
Further, Fig 1 0 - 2  shows that, with the exception of the three 
ortho-halogeno ions there is generally good correlation between A G
and A  H which indicate6 that the free energy charges are governed 
in a regular manner by the enthalpy component.
The entropy changes, although small, are nevertheless quite 
regular and a plot of A against /\ (Fig. 10 - 3) for this 
series is reasonably linear with a correlation coefficient of 0.98 
and a slope of - 1850.
In the case of phenols Bolton, Hall and Reece^ ^  showed that 
substituent effects on ionization are due primarily to entropy changes, 
possibly involving a change of solvation state. Further by way of 
comparison they also pointed out that a high degree of linear 
proportionality between AG, A H  and A  S was found to exist for the 
ortho- and para- substituted phenols and for these two series together, 
but not for meta- substituted phenols, and this must be due to the same 
dominant interaction mechanism, probably electronic in origin, operating 
for both the ortho- and para- series and to approximately the same 
extent.
Charton^1 too has shown that, in general, the electronic effects 
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Pig 11-1 shows that the meta- and para- substituted anilinium 
ions do conform to this simple free energy relationship. In addition 
it also confirms, for this reaction series, the empirical observation 
of Hammett that the influence of both meta- and p&ra- substituents 
could be correlated with the values by the same straight line.
The only substituent to show a major deviation from this 
relationship when using the “normal” Hammett J values is the para­
nitro substituent. However the <j ““value of 1.27» as proposed for 
phenol or aniline, does fit the relationship very well indeed and the 
¿ A G  value derived from the dissociation of the para- nitro anilinium 
ion in water must measure the direct interaction of the NO^ and NH^ 
groups•
The linear relationship between ¿ A G  and 0 for the 
disubstituted anilines is also good. The <j values used to show this 
relationship in Pig 11-1 are simply the additive < Tmeta values.
Using the anilinium ion and the six meta- substituted anilinium 
ions only, in order to minimize the deviating influence of para- 
substituents, it is possible to test the obedience of the Hammett 
equation over the temperature range of study, namely 10 - 50°. The 
results, as given in Table 11 - 1 ,  show that the degree of correlation 
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10 2.984 4.846 0.092 0.0061 0.9976
25 2.872 4.568 0.089 0.0059 0.9976
35 2.794 4-389 0.087 0.0058 0.9976
50 2.681 4.140 0.080 0.0053 0.9978
Similar excellent obedience to the Hammett equation over a 
range of temperature has been shown^^3 for the ionization of meta- 
substituted phenols« For this series of phenols however <P was 
found to be independent of temperature whereas for the meta- 
substituted anilinium ions <P is seen to decrease steadily with 
increasing temperature.
The conformity to a simple linear free energy relationship 
over a range of temperature coupled with a good iso equilibrium 
relationship as discussed in Chapter 10 places the proton ionization 
of anilinium ions in Leffler and Grunwald^^ "well behaved" category 
of reactions and further consequences of this behaviour can be 
discussed at this point.
For any member of this series the substituent induced changes in 
the thermodynamic functions* at temperature T* are related to the 
Hammett equation parameters by
()Z!Gr = — T ^ / \ S  = 2.303 HT (P <f~ • •.. ... 11 — 1
From the iso equilibrium relationship, given by ‘
O A  H = f< à /_\ S . „. ... .......... 1 1 - 2
equation 1 1 - 1  can now he written as
P> à A  S - T Î A S  = -2.303 R T (P'T or 
è A  S = 2.303 R T (Pci / (/?- T) .......... 1 1 - 3
For this reaction series the entropies, like the free energies, 
should he correlated hy (f and the slope, jb9 may he calculated to he 
2.76 at 25°. The observed correlation of A  S with df (Fig* 1 1 - 2 )  
is quite good with a slope of 3*8*
It is apparent from equation 1 1 - 2  that A  H should also 
correlate linearly with <f with the slope of such a plot being 
2*303 R T <P/3 /(T - /3 )• Theoretically such a slope should he -3100 
and in fact is -3250 (Fig* 1 1 - 3 ) *
If it is assumed that over the temperature range studied ¿ A H  
and ¿1 A  S are temperature independent, that is A  Cp = 0, then putting 
the slope f> * d A  S/cf and separating the temperature dependent 
variables of equation 1 1 - 3  gives
. - a  f,
2.303 RT F (1 - p  A )2.303 R
11 -
Reaction series of this type then should have <P linear with 
l/T and for the meta-series the calculated slope (- P /> /2.303R) 
should he 685* Fig 11 — 4 shows Cp to he a precise linear function of 
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The purpose of these calculations is simply to establish 
that the relationship observed to exist between the Hammett equation 
parameters and the thermodynamic functions of proton dissociation of 
substituted anil inium ions (ortho—substituted compounds excepted) do 
take the mathematical form predicted by Leffler and G-runwald* s two­
fold criteria of good behaviour for a reaction series* Ho great 
theoretical significance should be attached to the agreement between 
calculated and observed slopes since the calculated values are them­
selves drawn from the same observed data#
Nonetheless the well behaved nature of this reaction series
implies that a simple type of substituent intereaction mechanism
governs the ionization of meta- and para- substituted and 3,5
34disubstituted anilinium ions. It has been argued that negative 
equilibrium relationships can only arise throu^i a complex interaction 
of two or more opposing substituent measurements and that when they do 
appear the resulting propagation of errors would tend to make such 
series ,,non-confonnist,, in nature.
This argument, however, ignores the fact that the ^reinforcing” 
action of the negative iso equilibrium relationship imparts unusually 
high sensitivity to substituent effects to the observed free energy 
changes. As the near-perfect behaviour of this reaction series shows, 
this more than compensates for the accumulation of errors.
Thus far discussions relating to the Hammett equation have been 
restricted to the meta- and para- substituted anilinium ions only.
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Tills is "because the Hammett equation does not apply to the influence 
of ortho- substituents, which may exert steric effects. The occurrence 
of such steric effects, in addition to polar effects, in ortho- 
substituted benzene systems renders linear free energy relationships 
rare.
The most widely used and most successful of the few relationships 
which have been formulated for the correlation of ortho- substituents 
in benzene derivatives is the Taft series of equations (see Chapter 6).
" Z Q  C O
Taft^ , using the data of Kilpatrick and Arenburg^ showed that the
pKa values, at 25°, of anilinium ions in water would be roughly
v * , *correlated by his polar equation d pKa = <J giving a value of 
(P -  2.898 - 0.15 with a standard deviation in pKa of 0.19*
Table 1 1 - 2  shows the results of an analysis of the effect of 
substituents on the log Ka, A  and A values of the six ortho- 
substituted anilinium ions in terms of the Taft linear polar energy 
relationship
#A  X = P  ^  + A Xo ... ••• ••• ® • ° 11 " 4 ̂
where A  X is log Ka, or A S ^  as appropriate, the Taft linear
steric energy relationshipA X = d E s + A  Xo ••• ••• ••• 11
and the linear combination of these equations 
A X = P  * P  + d E s + A  Xo •  ♦ • •  •  # •  •  • 1 1 - 6
table n  - p 2
T_aft Equations - Analysis of Resulta
Eqn ll-4a, Eqn 11-5 Eqn 1 1 -6
(A) log Ka values
(polar) (Steric) (Polar 
& Steric)
(£> 3.10 - 3.48
d - -2 .5 1 0.43
log Ko (calc) -3-93 -2.65 -4.09
CLr 0.9866 0.8186 0.9890
F-test significance level0 0*5$ 25$ 0.4$
Significance level of eqn 1 1 -3° 50$ 0.1$ -
(B) Enthalpy values
<p* -3570 - -4280
d - 2810 -796
A  Ho (calc) 7080 5610 7580
ra 0.9911 0.8003 0.9976
F-test significance level13 0.3$ 25$ 0.1$
Significance level of eqn 11-3° 8$ 0.1$ »
(C) Entropy values
<P 2.25 - I .60
d - -2.08 -0.734
A  So (calc) 5.73 6.6 7 6.00
ar 0.6795 O .6450 0.6890
F-test significance level 50$ 50$ 50$
cSignificance level of eqn 11-3 50$ 50$ -
(a) Corrélation coefficient for équations ll-4aand 11-5 or 
co-efficient of multiple corrélation for équation 11-6,
the
»
(b) The percentage probability that the correlation shown could have 
arisen purely by chance.
(c) The percentage probability (from an F-test) that the increase in 
precision of correlation by equation 11-6 over either equation 
ll-4aor 11-5 as appropriate is due entirely to the extra variable 
terms of this multiple parameter equation.
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These results reinforce the previous conclusion that the 
enthalpy component is dominated by internal (that is essentially 
polar) effects. It is also apparent that neither set of Taft 
parameters, either individually or in combination, is able to 
rationalise the entropy changes, which explains why the free energy 
changes are correlated to a lower degree than the enthalpy terms.
Since the Taft steric parameters are, by their mode of definition, 
essentially measures of the effective physical bulk of a substituent, 
it might be concluded that the "extra” substituent interaction mechanism 
causing the deviation of the ortho-halogeno substituents as noted in 
Chapter 10, is not one primarily dependent upon physical size, such as 
steric hindrance of solvation. A possible explanation of the deviation 
is that these highly electronegative halogen atoms are able to cause a 
major disturbance of the solvation pattern around the reaction centre 
by a direct interaction (that is a "field" effect), this disturbance 
pattern differing in the protonated and unprotonated forms of the 
anilineo This effect would then be a function of size and electro­
negativity of the atom and this could account for the approximately 
equal deviation of all three ortho-halogeno substituents.
%
Farthing and Nam's40 alternative free energy relationship for 
the reactions of ortho- substituted compounds has also been used for 
this current set of ortho- substituted anilinium ions. In this proposal 
the electronic, or polar, substituent parameters are defined as 
¿rE = log (k/Ko ) para
and the steric substituent parameters as 273
C TS = log (K/Ko) ortho - E 
where the defining reaction series of the log K values is the 
ionization of benzoic acids in water at 25°. These parameters are 
to be used in the two linear relationships
A X  = P  B , <T B + A X o ..............  1 1 - 7
A X  = P S  . < T S + A X o  ............... 1 1 - 8
together with the planar relationship
A x  = (P E < T E + <P S o ' S  + A X o ... 1 1 - 9
The results of an analysis of substituent effects upon the 
log Ka and other thermodynamic functions using the Earthing and Nam 
equations are given in Table 1 1 - 3 «
These results once again indicate the enthalpy component is 
governed by polar effects as did the Taft equations. The analysis 
also indicates however that the entropy changes - and hence the free 
energy changes - are governed by the combined influence of polar and 
steric factors. The Msteric,, parameters in the Earthing and Ham 
equations are defined as the residue of the ortho effect after 
subtraction of the electronic transmitted through the aromatic ring. 
These parameters are almost certainly not simple measures of 
physical bulk but could easily incorporate, in the case of the ortho-- 
halogeno substituents, a direct electrostatic solvation disturbance 
effect of the type suggested, if, as is possible, this effect also 
operates in the ionization of benzoic acids.
TABLE 1 1 - 5 2 7 4
Earthing-Ham Equations — Analysis of Results for Ortho—substituted 
Anilinium Ions








<Pe 3.14 _ 2.43
<Ps - 3.76 1.31
log Ko (calc) -3.50 -6.16 -4.52
£ir 0.9780 0.8579 0.9985
F-test significance level** i $ 20$ 0.1$
Significance level of eqn 11-9 i$ 0.1$ —
(b ) Ehthalpy values
(Pe -3660 - -3550
<Ps - -3780 - 189
A  Ho (calc) 6590 9140 6740
ar 0.9970 0.7534 0.9973
F-test significance level 0.1$ 40$ 0.1$
Significance level of eqn 11-9 50$ 0.1$ -
(c) Entropy values
(Pe 2.10 - -0.791
¿P s - 4.55 5.35
A  So (calc) 6.08 2.46 1.93
ar 0.6210 0.9850 0.9976
F-test significance level 50$ 0.5$ 0.1$
Significance level of eqn 11-9 0.1$ 4$ -
(a) Correlation coefficients for equations 11-7 and 11-8 or the 
coefficient of multiple correlation for equation 11-9.
(b) The percentage probability that the correlation shown could 
have arisen by choice.
(c) The percentage probability (from an F-test) that the increase in 
the precision of correlation by equation 11-9 over either 
equation 11-7 or 11-8 as appropriate is due entirely to the 
extra variable terms of this multiple parameter equation.
41 59For some years Charton ’  * has been involved in the application 
of the Hammett equation to ortho—substituted benzene reaction series 
and has discussed the composition of the Taft steric parameters•
He has produced statistical evidence that the Taft Es values are a 
linear function of the van der Waals radii and independent of 
electrical effects 9 while the Taft E°s valu es 9 intended for use with 
ortho-substituents, are solely a function of electrical effects and 
are completely independent of the van der Waals radius.
Charton has further suggested that the ortho-effect for most 
substituents is electrical rather than steric in nature and claims 
conclusive proof for the proposal that the E°s constants are largely 
a measure of the resonance effect and do not in any way represent 
a steric effect. The results of the present work could be considered 
to be in partial accordance with Charton^ views.
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CHAPTER 12 ADDITIVITY OF THE THERMODYNAMIC FUNCTIONS FOR THE 
5,5 PI-SUBSTITUTED ANILINES
When the mechanism of a reaction changes "because of the presence 
of certain substituents, curvature in the Hammett relationship can 
occur. The substituent effect on the reaction mechanism is analogous 
to a second interaction mechanism superimposed on the principal one.
If two or more substituents are introduced simultaneously into the 
meta- positions of an aromatic compound it could be expected that their 
combined effect would be represented by the sum of the individual 
sigma ( ( f ) values. Figs 11-1, 11-2 and 11-5 above show that for 
this present series of 5* 5 disubstituted anilinium ions very good 
additivity does in fact occur when using the additive values of ( f  m.
Consider however a more precise hypothesis for additivity.
The change ( F^) in some measured reactivity index on going from an
unsubstituted benzene derivative (with reaction centre P) to the
3-substituted derivative (substituent X) will be precisely the same as 
the change ( hSU) observed in the same index on going from the 
3-substituted to the 3,5 disubstituted compound providing that the 
substituents X exert their influence upon the reaction centre P in a 
simple manner. For this purpose simple means acting through a single 
substituent interaction mechanism, or where multiple substituent 
interaction mechanisms are present, then they must be mutually dependent.
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For most reactivity indexes these assumptions are reasonable 
and the hypothesis should be valid since substituents in the 3- and 
5-positions are generally unable to interact with each other or with 
the reaction centre through any type of steric or proximity mechanism 
and the simple nature of polar effects on the reactivity of benzene 
derivatives is well established by the success of the Hammett type 
linear free energy relationships.
It has recently been shown^ that the effects of substituents 
on the three thermodynamic functions of proton ionization, namely
^ ^ 2 5 5-disubstituted phenols in water,
are, for a wide range of substituents, precisely additive; but the 
evidence from other sources, especially rate studies, is often equivocal.
The results obtained for the unsubstituted anil ini urn ion, the 
3-substituted anilinium ions and the 3, 5 disubstituted anilinium ions 
permit a further test of the additivity hypothesis for the thermodynamic 
functions of the anilinium ions. An excellent graphical method of 
demonstrating additivity in such systems is to plot the thermodynamic 
functions measured against the number of meta- substituents that is 
Ifei = 0 for the unsubstituted compound, Nm = 1 for all 3- substituted 
compounds and Mm = 2 for all 3» 5 disubstituted compounds. Perfect 
additivity should produce a straight line for each substituent with 
the family of straight lines converging on a common point, namely that 
of the unsubstituted compound.
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Figure 12-1 shows, in this way, the precise additivity of the 
pXa values of all the anilinium ions of the present study and Fig 12-2 
the equally precise additivity of their enthalpy values, the dominant 
component of the free energy changes observed for anilinium ion proton 
ionizations. Clearly since both the free energy changes and the enthalpy 
changes are additive then the observed entropy changes must also be 
additive for these compounds.
Similar conformity to predictable rational behaviour has been a 
constant feature of the studies of the influence of molecular structure 
on the thermodynamic functions of proton ionization of both anilinium 
ions and phenols^ 9 yet these two reactions are traditionally
regarded as ‘’deviant” reaction series because their pKa*s do not obey 
the Hammett equation in its simplest form. It is to be hoped that these 
results will help to further diminish this obvious misconception.
From a theoretical point of view simple additivity is to be 
expected for those reactions for which the (P<f correlation is precisely 
linear, the constant slope P  implying a constant value for the 
derivative of the free energy with respect to the interaction variable 
associated with the substituents. Deviations from additivity of 
substituent effects can be expected either if the P<f  plot is curved 
or if the interaction of the two substituents with each other is 
changed by the reaction.
Robinson5^ has measured the ionization constants of the six 
dichloro anilinium ions in aqueous solution at 25 C, in order to test 
the additivity proportion and to see if the Hammett relation could be
279
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extended to these disubstituted compounds. The pKa values were 
obtained using essentially the same e>m,f.- spectrophotometric 
technique as used in this present study and whilst little comparison 
is possible because only has been determined for a wide range of 
substituent positions, the pKa value for 3, 5 dichloro aniline 
(Table 9 - 3 )  agrees well with the present result. Jaffe33 assigned 
a value of O .746 to the Hammett parameter for 3*5 dichloro 
substitution, but recent determinations on benzoic acid derivatives 
has led to a value of 0.77^* ^3. The present work confirms the value 
0.77 (Fig. 11-1) to be more correct.
17 .Biggs and Robinson expressed the Hammett relation for
substituted anilines by the equation
pKa = 4-580 - 2*889 (T
and then calculated the pKa for 3, 5 dichloro aniline at 2 .36. The 
pKa value of 4.580 for aniline itself however is low according to more 
recent values (Table 9 - 3 )  and with the value of 4-596* as obtained 
in this present study, the pKa^^ value for 3* 5 dichloro aniline using 
the above expression approximates closely to the value found in the 
present work of 2.371-
Finally the validity of additivity of Hammett values can 
best be seen in the following Table 1 2 - 1 .  Column 1 contains the 
simple additive values for the present series of compounds based on 
the <f m values of Hammett. Column 2 contains the <f found values 
as given by Jaffe35. Column 3 contains the <T found values as taken
from Fig. 11-1 of the present study.
For 3,5 dimethyl aniline the <f value, estimated from the 
present study, is well removed from the theoretical and earlier 
values. On the other hand the present (f value for 3> 5 dimethoxy 
aniline is in quite close agreement with the theoretical value but 
differs markedly from earlier values. The remaining compounds 
agree quite well and confirm the general expression for multiple 
substitution namely
log (K/Ko) = (P £ < f
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TABLE 1 2 - 1
m.m.
Substituent theoretical
3,5 di - CH5 -0.138
3,5 di - 0CH5 0.230
3,5 di - Cl 0.746
3,5 di - Br 0.782
3,5 di - I









CHAPTER 1? INTERNAL - EXTERNAL TWffAT.PY THEORY
6o
Laidler has discussed the thermodynamics of ionization 
processes with special reference to substituent effects, and has 
developed the following scheme.
(i) polar effects influence A H  but not A S  and ACpj they 
therefore leave A S  unchanged and preserve additivity in
A G  and AH .
(ii) steric and solvent effects sometimes influence A H  and T A  S 
in a compensating manner; when this is so additivity of /\G 
is preserved but that of A  H and T A  S is lost.
Further the proposal by Hepler^’ ^  to split thermodynamic 
function changes into internal and external components, that is 
¿ A H  = J A H int + / A  H ext.
where the operator A signifies a substituent induced change in the 
thermodynamic function specified, has been found to be a simple method 
of rationalising the influence of substituents upon the enthalpy/ 
entropy changes of ionization processes.
Internal contributions arise from electronic changes within the 
molecule while external contributions are concerned primarily with 
solute/solvent interactions.
For this reaction series it is reasonable to make two assumptions
(i) à A  s int = O  and
(ii) à A H  ext = 8  è A S  ext.
The assumption that 0 A S  approximates to zero arises because 
Pitzer^ has shown that the difference in internal entropy for an 
acid and its anion is nearly constant for a series of similar acids*
67Several models for ion-solvent interaction lead to the 
reasonable conclusion that A  H ext is proportional to A S  ext and
since most of the inadequacies of the various models cancel when
. 57applied to symmetrical reactions it is justifiable for Hepler to
write
A H  ext =y3^AS ext
From such assumptions the expression is arrived at 
¿ A H  int = i A  H - ft ¿ A S
from which the fundamental quantity ¿ A H  int can be calculated for 
each substituent investigated.
For a proton ionization equilibrium both the bond-breaking 
forces and the degree of solvation of the acid—base pair will be 
functions of the distribution of electron density around the molecule.
¿t may be expected that the internal and external components of 
a free energy or enthalpy change will be mutually dependent and hence 
fulfill the requirements of the additivity hypothesis previously 
formulated in Chapter 12.
It is clear that the Hepler approach is largely m  accordance 
with the concepts formulated by Laidler , and could in fact be 
regarded as a quantitative egression of those concepts except that 
Hepler does not formally consider steric effects.
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The value to be assigned to the proportionality constant, J3
in the Hepler approach has generated considerable previous discussion.
57Hepler , by qualitative reasoning in terms of accepted concepts of 
substituent effects, deduced a value of approximately 280°K for acids 
of charge type -1 (phenols, carbonylic acids etc) in aqueous solution. 
Ives and Marsden have advanced elegant thermodynamic arguments for 
having a value equal to the temperature of measurement of the 
thermodynamic functions, usually 298.15°K.
It has also been suggested , however, that J2> could have 
different values for acids of different charge type and an approach, 
in which the assumption is made that ¿ A H  int values for the same 
substituent are proportional in two reaction series, the ionization of 
phenols^ and the proton ionization of anilinium ions, may be used to 
evaluate values as follows:
Consider two reaction series A and B for which the enthalpy and
entropy changes have been measured for a range of substituents. For 
reaction series A the change in internal enthalpy effected by a 
substituent X is
¿ X A H ^ nt = ¿ X  A H A - A A  ¿ X A S A ............13-1
while for reaction series B the same substituent causes the change
¿ X  A H ® nt = ¿ X A H B - / 3 B  ¿ X  & S B ....... 1 3 - 2
The assumption that the internal enthalpy perturbations are 
proportional in the two reaction series may be expressed as
¿ X  A H Aint © X A H
B
int 15 - 5
Combination of equations 13 - 1, 13 - 2 and 1 3 - 3  gives
^x a h a=0 ¿X Aff0 -6^b. ¿x a s b +/Ba <̂x Asa ... 1 3 - 4
For any pair of reaction series which may be compared in this 
way equation 13 - 4 relates a set of experimentally measurable 
quantities in terms of three unknown proportionality constants 0  , 
/3 A and j3> B 0
Defining the anilinium ions of the present study as reaction 
series A and the corresponding phenols as reaction series B in 
equation 13 - 4 the values for the unknown constants were calculated 
by multiple parameter weighted least squares regression methods as
where in each case the uncertainties are given as standard errors*
that if internal terms are truly indicative of substituent induced 
electronic changes within the molecule then the changes in A  H int 
will be strictly additive in passing from unsubstituted to 3-substituted 
to 3,5 - disubstituted compounds and the best value of yB will be that 
which makes such changes, as calculated from the equation
the most additive* Applying ihis concept to the 3*5 - disubstituted
^ (anilines) = 413 i 146° and
R  B (phenols) = 240 t 170
24In an alternative approach, Bolton, Hall and Kudrynski ^ postulated
¿ A H  int
phenols they calculated fi = $11 - 30° •
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When this approach is applied to the results of the present 
work the deviation from additivity of the A H  int values of the 
anilinium ions were found to pass through an ill-defined minimum at
values of for the ionization of phenols, an ionogenic reaction 
dominated hy external effects, the values of j*> calculated for the 
anilinium ion ionizations are inconsistent and have large uncertainties. 
This is perhaps inevitable since the proton ionization of anilinium 
ions, an isoelectric reaction, is dominated by internal effects and 
it is probably unreasonable to use substituent changes in such a system 
to calculate values, a parameter clearly very much concerned with 
external or solvation factors. Therefore it is reasonable to conclude 
that for these two types of acid ionization in aqueous solution there is 
no evidence to suggest that has any value other than one close to the 
mean experimental temperature of the system, that is approximately 300 K.
Ives and Marsden^, when discussing temperature - sensitive 
solvation problems for acid dissociation processes have made a similar 
division of A H  and AS. Their reaction and hydration terms correspond 
to Hepler* s internal and external contribution terms.
This approach to hydrational equilibria and its bearing on the 
,fcompensation law” in solution differs in that ̂3 is identified with T, 
the absolute temperature at which the measurements are made, and simply 
provides an alternative basis for Heplerrs treatment. It involves no 
changes in the conclusions earlier reached by Hepler.
. + owith an estimated standard error of - 100 .
Thus while these various approaches yield reasonably consistent
288
Also Everett and his co-workers^’ ^  have recently commented 
on the need to take into account solvent - solute interactions when 
attempting to relate the various thermodynamic functions of acid 
dissociation of some alkyl ammonium ions and amino - alcohols in 
water* Nonetheless, as yet Everett does not appear to have attempted 
any quantitative treatment along the lines of Hepler*s studies*
Table 1 3 - 1  contains the A H  internal and A H  external values 
for all the anilinium ions of the present study using the value 
j3> = 300°K. The ortho-substituted anilines are included merely for
completeness but it is not expected these compounds would be embraced 
by Heplerfs theory because of steric effects.
The values given in Table 13 - 1 allow a very satisfactory 
rationalisation of the influence of substituent effects on the proton 
ionization of anilinium ions. Thus for the conversion of an anilinium 
ion into the corresponding unprotonated aniline
the dominant energy change may bb expected to be the large increase in 
conjugative stabilisation energy (that is in delocalisation energy) 
caused, by the conversion of the largely unconjugated - M 5+ group into 
the fully conjugated - MHg group. This is clearly an internal effect 
and it is seen in Table 13-1 that the dominant component of the free 
energy changes observed is always a relatively large value of O  A H  int. 
Electron attracting substituents, such as nitro and halogeno groups 
increase this stabilisation by increasing the effective conjugation
between the - group and the rest of the molecule and* as a 
consequence, these substituents show negative changes inAMi^rt 
proportional to their electron-attracting ability. Electron releasing 
substituents, on the other hand, decrease the conjugation stabilisation 
and show positive changes in ¿A/^int. As would be expected for an 
isoelectric reaction, observed values of ¿ A S  and ¿ A h  are very
small.
TABLE It - 1
Calculation of Internal/External Enthalpy Values for the various 
■S^linium ions studied.
/3 = 300°K.
Substituent d A  G d A  H d A  S 0 A  H int <j A H  ext
m - CH_ 3 160.0 90 -0.24 162 - 72
m - OCH3 -534-0 -364 0.57 -535 171
m - Cl -1465.0 -110 9 1.19 -1466 357
m - Br -1458.0 -1129 1 .1 0 -1459 330
m - I -I376.O -1051 1.09 -1378 327
m - N02 -2913.O -2397 1.73 -2916 519
p  - c h3 670.0 680 0*03 671 9
p - OCH,3 IO47.O 964 -0.28 1048 -84
p - Cl -832.0 - 744 0.29 -831 87
p - Br -964.0 - 673 0.97 -964 291
p - I -1062.0 - 825 0.79 -1062 237
p - n o2 -4876.0 -3960 3.07 -4881 921
3,5 - di-CH3 233.8 16 -0.73 235 -219
3,5 - di-OCH3 -1000.1 - 682 1.07 -1003 321
3,5 - di-Cl -303O .4 -2162 2.91 -3035 873
3,5 - di-Br -3054.3 -2265 2.65 -3060 795
3 ,5 - di-I -3036.8 -2292 2.50 -3042 750
3,5 - di-NO -5952.8 -4690 4-24 -5962 1272c
0 - CHZ -19  a o - 10 0.63 - 199 1893
0 - o c h 2 - 87.0 34 O .40 - 86 1203
0 - Cl -2633.0 -1475 3.88 -2639 II64
0 - Br -2821.0 -1570 4.19 -2827 1257
0 - I -2802.0 -1561 4.16 -2809 1248
o - n o 2 -6604.O -5420 3-97 -6611 119 1
b i b l i o g r a p h y
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APPMDTY X 9C J O
ACID-BASE c o m p u t e r  p r o g r a m  s y s t e m «
This is a collection of computer programs, written by 
■̂r* D. Bolton of the Wollongong University College, and designed 
to convert raw experimental pKa versus temperature data into corrected 
thermodynamic acidity constant data from which the enthalpy and entropy 
values are then calculated*
The collection is designed as a “flow-on" set - each program 
punching the input data for the next appropriate program. The sequence 
of programs used depends upon the type of acid and the buffer solution 
involved*
The program set is divided into three groups and the usual acid 
data will require processing by three programs - one from each group.
Group I Programs
These calculate the correction to the acidity function of the 
appropriate buffer to allow for the ionization of the acid. A separate 
program is required for each buffer.
Group II Programs
These carry out certain extrapolation and/or correction procedures, 
for example averaging a set of pKa values, or applying the Davies 
equation to calculate log term corrections.
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Group III Program
This applies the Clarke and Glew set of non-empirical equations 
to the thermodynamic pKa* s to calculate the enthalpy and entropy values •
Acid Systems
The anilines used in this project fall into the category of those 
of charge type zero, where
AH+ + Ho0 ^  HO*1" + A^ \>
and Ka
When anilines are measured in a standard buffer 
pKa = p(aH X Cl) + log + ^ ^ ~
and thus three processes are involved.
(i) a correction for the effect of the aniline on the acidity 
function of the buffer is applied by the Group I program 
appropriate to the buffer usedo
(ii) the 2 log term, calculated by the Davies equation is applied 
and then the corrected pKa values are extrapolated to zerio ionic 
strength# Program 2B "Davies'1 does this for all buffers used in 
this project with the exception of the phosphate buffer (Table 3 
Bates & Gary16) for which Program 2C "Davies 3" must be used.
The reason Tor this is because in Table 3 the ionic strength 
of the buffer varies with temperature.
(iii) the corrected and extrapolated pKa*s are treated by Program 3 
"Clarke and Glew" to give A  H and A  S.
When anilines are measured in hydrochloric acid then
pKa = p (b^) + log + lo£
The log term is considered to be small in solutions of low ionic 
strength. Three procedures are involved.
(i) correction of the p(m^) of the H Cl solution for the effect of 
the ionization of the aniline. This is done by Program IX ,,HC1,,.
(ii) the pKafs are then extrapolated to zero ionic strength by 
Program 2D "Extrapolate" • If the pKa* s appear to be independent 
of ionic strength, that is complete cancellation of the log ^ ■f*
term, then Program 2A "Average" can be used as an alternative.
(iii) the corrected and extrapolated pKas are treated by Program 3 
"Clarke and Glew" to give A H  and AS.
Preparation of Standard Set of Data Cards
Suitable as input to all Group I Programs except that Program 1A 
(Table 3 correction) requires a special form of the first card only.
Card







Control index: Punch 1 for phenols and carboxylic acids
usuallyt.
Punch 2 for anilines usually*•
One space only - one digit only on this card and it must be 
punched in column 1*
(Format 1^).
3 Name of acid
Punched anywhere in the first 30 spaces














5 Raw pKafs of acid at 5° intervals, starting with that for the 
lowest temperature of measurement given above and ending with 
that for 30°. There will thus be a maximum of 6 numbers on 
this card (i.e. pKa's for f  - 30°) all punched as ordinary 
decimal numbers (e.g* 4*603) eac^ one a ^  space segment 
(i.e. first number in 1st 10 spaces, 2nd number in 2nd 10 spaces
and so on). (Format 6FIO.3)
6 Raw pKa*s of acid at 5° intervals starting with that for 35 • 
Again a maximum of six numbers is permitted on this card and 
they must be punched as in card 5»
jfoflified form of card 1 for Program 1A;-
Card
1 molal cone® of buffer molal cone, of buffer Code number for
buffer
1st 10 spaces 2nd 10 spaces One space only
(P *10) (no.) (L^
The ionic strength of the Table 3 buffer varies with temperature, 
and the molal concentration is put down instead of the ionic strength 
m  the output identification (this is the reason why the same number 
has to be punched twice on card 1 for this buffer) •
The c_ode number enables the computer to choose the correct set of 
buffer data built into the program. Only the one digit code need be 
punched.
Code Numbers










*1 Format P10. means that the number must appear as an ordinary
decimal number (e.g. 9*687) anywhere in the 10 spaces specified. 
N.B. a decimal point must be given (e.g. 27* not 27 )•
++
*2. Format E10.4 means that the concentration of the acid on card 4 
can appear either as a decimal number anywhere in the first 10 
spaces, or as a FORTRAN exponential number (e.g. 4.63 E-05). 
Users unfamiliar with Fortran type input should use a normal 
decimal number as the spacing of exponential numbers is critical 
in Fortran II and Fortran IV.
— 1 Format 12 means that the lowest temperature of measurement on
card 4 must be punched as a 2-digit integer i.e. 5 must be 
punched as 05, 10° as 10, 15° as 15 etc. Similarly the number 
of temperatures of measurement must be punched as a 2 digit 
integer 08 or 10 etc.
(N.B. 0° is not an acceptable lowest temp.
Footnotes
"Ionic strength of buffer*1 and “molality of buffer" on card 1 : 
for HC1 solutions (Program IX) both of these should be the 
molality of the HC1 i.e. the same number punched twice.
The “control indext,or card 2 controls the form of the punched 
output which becomes the input of the following programme.
The punched output will be:-
(a) if Control = 1
A set of data cards containing absolute temperature and 
the pKa values corrected for the ionization of the acid. The 
set is headed by a card giving the name of the acid and the 
final card is a standard last card “sentinel card". The whole 
set can therefore be fed directly into Program 2A “pKa Average" 
or Program 3 "Clarke and Clew Equations".
(b) if Control = 2
Two data cards only with the acidity corrections for each 
temperature punched on them.
These cards must be placed behind the standard data set 
(i.e.' as cards 7 and 8) for input to Program 2B "Davies”, 
Program 2C "Davies 3" or Program 2D "Extrapolate".
Step-by-Step Procedure for Using the Acid-Base Program System
Bolton - Acid/Base Programs" magnetic tape must be on computer
dialed as Tape 1.
System I - Aniline measured in standard buffer:
(1) Prepare a standard data set for each ionic strength at which 
measurements have been made, putting control index digit = 2.
(2) Load ca<ll card for appropriate Group 1 Program (CALL TABLE n)
(3) Read in all the data sets
(4) The computer will punch 1W0 data cards for each seto These should 
he placed at the back of each data set, that is as cards 7 and 8 
in every set,
(5) Punch one card with the single digit number NI (number of ionic 
strengths at which measurements have been made) in column 1 and 
place this card in front of the NI sets of data cards.
(6) Load call card for Program 2C "Davies 3" if the buffer used is 
Table 3 ^  or the call card for Program 2B "Davies" if any other 
buffer is used.
(7) Read in the NI data sets described in step (5).
(8) The computer will punch a set of data cards suitable as input 
to Program 3*
(9) Load call card for Program 3 HClarke and Glew Equations'*
(CALL G AND G)
(10) Read in the data set from step (8).
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System ? - Aniline measured in HCl 
(!) As in System 1
(2) Load call card for Program IX MHC1 Correction (CALL HCl).
(3) , (4) and (5) as in System 1.
(6) Load call card for Program 2D "Extrapolate" (CALL EXTRAPOLATE).
(7) > (8), (9) and (lO) as in System 1.
List of Programs in the Acid/Base Program Set
Group I Programs. Calculation of the correction to the acidity 
























< Bates and Garyfs 
) standard buffer tables
Correction of HCL solutions
Input: All except 1A accept the standard input data set. Program 1A 
requires a modification to the first card of the standard
input data set.
If Control index = 1 a set of NT cards suitable as input to 
programs 2A or 3* If Control index = 2, two cards only per 
data set which have NT correction values on them as additional 
input to the standard data set for Programs 2B, 2C or 2D.
Croup II Programs Various correction and extrapolation procedures. 
Program 2A Average11
Accepts NI sets of NT cards and averages the pKa values for 
each temperature.
Program 2B "Davies"
Applies to each pKa value (i) the acidity function correction 
calculated by the appropriate Group I program, (ii) a 2 log term 
calculated by the Davies equation, then extrapolates the corrected pKa 
values to zero ionic strength.
Program 2C 11 Davies 5“
Does the same as Program 2B but is a special version for Table 3 
buffer where the ionic strength shows considerable variation with 
temperature. ,
Program 2D 11 Extrapolate”
Applies to each pKa value the pH correction calculated by 
Program IX "HC!" and then extrapolates the pKa values to zero ionic 
strength (i.e. no 2 log X term is applied in this program).
Group III Program
Program 3 tfClarke and Glew Equations”
Applies the Clarke and Glew equations to the input absolute 
temperature versus pKa data.
Input




NT + 1 cards
NT cards punched with absolute temperature 
in first 10 spaces and 
thermodynamic pKa in 2nd 10 spaces*
Format 2F10.5
Last Card contains any negative decimal number e.g. -99*9
(NT + 2) in first 10 spaces used purely as a signal to
the computer that this is the end of the data 
set •
The computer for which this Program System has been written 
was the amplified IBM-1620 Computer System of the Wollongong University 
College.
APPENDIX II
The various values for the substituent constants ( (f) and the 
value for the reaction constant ( (P ) relating to the various 
substituted anilinium ions studied are given in the attached Table.
This data has been taken from the various excellent reviewed 
published by Jaffe55, Wells5° and Shorter70.
APPENDIX II SIGMA VALUES
S u b s t i t u e n t
m
c h 3 - O . O 6 9 - 0 . 1 7 0 - 0 . 0 7 - O . I 5
O C H
5
+ 0 . 1 1 5 - 0 . 2 6 8 + 0 . 1 3 - 0 . 1 2
C l + 0 * 5 7 3 + 0 . 2 2 7 + 0 . 3 7 + 0 . 2 7
B r + 0 . 5 9 1 + 0 . 2 3 2 + 0 . 3 8 + 0 . 2 6
I + 0 . 3 5 2 + 0 . 1 8 + 0 . 3 5 + 0 . 2 7
n o 2 + 0 . 7 1 0 + 0 . 7 7 8 1 . 2 7 0 + 0 . 7 0 + 0 . 8 2
R h o  v a l u e  
o b s =  2 . 8 7 2 a t  2 5 ° C
m ^ i n d < / r e s
- 0 .0 6 6 - 0 .5 1 1 - 0 . 0 5 - 0 . 1 0
+0.047 -O .7 7 8 + 0 .5 0 - 0 . 4 I
+0.399 + 0 . I I 4 +0.47 - 0.20
+ O .4 0 5 + O .I5 0 +0.45 - O .I 9
+0.559 + O .I5 5 + 0 .4 0 - 0.12
+0*674 + O .7 9 0 +O .65 + O .I9
a p p e n d i x t t t
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